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This manual contains detailed engineer-related information useful
at the tactical and operational levels of war. It is provided as
a regional reference publication to assist in the planning and
conduct of MAGTF operations in arid environments.

3. BACKGROUND

a. While the unique aspects of the desert environment have
profound impact on MAGTF operations, most of the doctrine,
tactics, techniques, and procedures employed in operations in
other parts of the world apply to operations in the desert. The
unique aspects to operations in the desert stem primarily from
the effects of heat and the scarcity of moisture, terrain
features, and vegetation. The challenge to MAGTF operations in a
desert environment is adapting to the arid climate and
conditions.

b. FMFRP 0-63 is a consolidated handbook originally
prepared and published by the U.S. Army Civil Engineer Research
Laboratory and the U.S. Army Waterways Experimental Station in
1982.
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PREFACE

The hot, barren desert environment of the Middle East requires special
consideration in wartime planning and operations. The purpose of this report
is to consolidate all engineer-related aspects of problems in base development
into a single source handbook covering construction problems in the Middle
East.

This document is designed to assist planners in the identification of
resource requirements for both men and material when preparing engineering
support plans and to provide builders in the field with wvarious construction
techniques to facilitate the use of their available assets.

FOR THE COMMANDER:

/ folonel, Co of Engineers
Chial of Staf?
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TROOP CONSTRUCTION IN THE MIDDLE EAST

CHAPTER 1 - INTRODUCTION

1.1 Background

The planning efforts for base development and operational contingencies
in Southwest Asia (SWA) (Figure 1.1) involve unique challenges. The extremely
harsh environment of the desert and very limited local building construction
materials contribute to these challenges. There is much published literature
concerning not only the effects of the desert environment on material, equip-
ment, and facilities, but also the unusual problems associated with construc-~

tion and operation activities in such areas. A need exists to summarize all
engineer-related aspects of the problem, and provide a single source of infor-

mation for planners and engineer unita to use for base development in SWA.

1.2 Objective

The purpose of this report is to consolidate all engineer-related aspects
of the problem in base development and provide planners and engineers with a
single source handbook covering construction problems and practices umnique to
the Middle East.

1.3 Assumptions

1. The areas of concern are the desert regions of SWA.
2. The facilities will be used for up to 12 months.

3. Strategic air and sea lines of communicatiom (LOC) will be limited to
existing facilities.

4. Some areas in the theater of -operations .(TO).will be-subject to hog-
tile fire; others will not.

5. The standard of construction will be austere. Joint Chiefs of Staff
(JCS) Publication 3 initial standard (0 to 6 months) will govern.

6. The deploying forces will arrive in the TQ per Time Phased Force
Deployment Data with TOE equipment.

1.4 Characteristics of Desert Regions

To provide some insight into the challenges that will be faced in base
construction, it 1s important to understand the characteristics of desert
environments. :
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1.4.1 Terrai:.

This region of the world contains three basic types of deserts: moun-
tain, rocky plateau, and sandy or dune deserts. While each has its own dis~
tinctive characteristics, they share common featuree of barrenness, aridity,
and severity. Because of such inhospitable conditions, most of the population
1s concentrated along the coasts and the few major rivers where one can find
some rellef from the heat and dust, and where water is more plentiful.

Mountain deserts are areas of barren hills and steep-sided mountains with
intervening dry, flat basins. Rainfall is Iinfrequent and runs off rapidly to
produce flash floods that erode deep gullies and ravines. The ground surface
is badly dissected, with areas of exposed bedrock and stony soil.

Rocky plateau deserts are extensive flat areas where the surface 1is
strewn with broken rock, boulders and gravel. These areas are cut by ateep-
walled eroded valleys, known as wadis, and contain scattered oases around
which small villages often are found. These deserts also contain salt flats,
areas where the surface is crusted with salt and underlain with brine-
saturated soil. They are normally dry in the summer and marshy in the winter.

Dune or sand deserts are relatively flat, wind-eroded areas covered with
sand or gravel. C(reated and shaped by the vind, dunes consist of loose sand
of various partirle sizes and vary in heigh? from a few feet to several hun-
dred feet. Areas betwe=n the dunes are generally hard with no distinct land=-
marks except fcr en occasional oasis,

It nuat bz kept in mind that all three terrain types are usually not
drocid ot vegetation. The vegetation can range from sparse straggly to con-
tinuous and varied depending on ground conditions. The native vegetation will
usually be low t. (e ground, though commonly 3 ft to 4 ft (0.91 m to 1.22 m)
high varieties can be seen.

An importan® feature of nominal desert goils is the surface -compaction
sonetimes referred to as "desert pavement." This compaction is caused by
action of rain (for compaction) and wind (to remove the fine particles). This
"issert pavement” usually 1s 1/2 in. to 4 in. (1.77 cm to 10.16 cm) thick and
soweewhat fragile. - Mcst of the time troops: will not break through, but with
faw excepttons trucked or wheeled vehicles usually will. Once the “desert
ravenent” is breacied, the heavy blowing sand and dirt conditions reported in
wWII militarv reports is the rule. It is in general this “desert pavement”
that 1is foun? between the dunes in the “sand deserts,” the major portion of
the “Rocky plateau deserts,” and the dry flat basins in the “Mountain
deserts.”

14,2 Climute

While desert regions of the SWA are-arid and generally have low humidity,
some coastal regions have high humidity levels. Figure 1.2, a map of
climatic zones, shows three climatic categories covering the Middle East:
hot, dry desert; intermediate hot dry desert; and humid, hot coastal desert.

Desart areas of SWA experlence a wide range of dally temperatures. Dur-
ing the day, solar radiation warms the air and ground to produce summertime

1-3
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ambient tempe~stures well over 100°F (38°C). At night in the hot-dry regions,
the heat dissipates quickly due to clear gskies and low humidity, causing tem-
peratures to drop 50° to 709F (10° to 21°C). Wintertime temperatures are
noticeably lower, ranging from 45° to 60°F (7° to 16°C) during the day to near
freezing at night. Areas with high humidity have much lower day to night tem~
perature swings.

Along with the daytime heat, the region 1s exposed to almost incessant
wind. Velocities near hurricane force are not infrequent during the day and
night throughout the year. Such wind storms, often lasting for several days,
carry large quantities of dust and sand, and are frequently accompanied by
rapid changes in temperature.

Characteristic of desert areas are the limited amounts of precipitation
and rapid evaporation. In desert regions, rainfall is less than 10 1in. (254
m) per year, and frequently this 1s in the form of violent storms. In the
mountains and hilly areas, runoff {s rapid and destructive, while in the
flatter areas it is channeled through wadis to depressions and salt flats
where that which does not percolate into the soll quickly evaporates in the
hot sun.

1.5 Approach and Scope

This study was conducted in two phases. Phase I involved: (1) compila-
tion of information based on actual field experiences and knowledge of labora-
tory personnel and other U.S. Army Corps of Engineers employees, and on a
review of literature pertinent to comstruction in desert regions, and (2)
identification of research areas or problem areas requiring additional study.
Phase II involved studying the identified problem areas and refining informa-
tion from Phase 1. This report documents the work of Phase II, and replaces
the Phase I report, Theater of Operations Construction in the Desert: A Hand-
book of Lessons Learned in the Middle East.

As in the Phase I document, this report covers the various engineering
disciplines involved in base development. These include base planning and
siting (Chapter 2), base protection (Chapter 3), .electrical. generation and
distribution (Chapter 4), water supply, distribution, and disposal (Chapter
5), vertical construction (Chapter 6}, horizontal construction (Chapter 7),
and port construction (Chapter B). Factors affecting the engineer work force
are also consldered (Chapter 9). For definitions of abbreviations used in
this report, see page Index-1.



CHAPTER 2 — PALE PLANNING AND SITING

2.1 Introduction

For a base to withatand a harsh environment and to keep occupants reason-
ably comfortable, the location of a facility or installation within a site
should be determined by analyzing the constraints and features of the area.
Overall siting analysis should include the climatic constraints of solar radi-
ation, temperature, precipitation, and prevailing winds, as well as the
natural features of the ground surface, such as topography, ground cover, and
drainage patterns. This chapter provides some fundaméntal considerations for
base planning and siting in the desert regions of SWA.

2.2 Site Selection

Several factors must be considered in the selection of a site in an arid
region. The site shall preferably be in an area where water resources are
available nearby (see Chapter 5). The site must be easily accessible by
existing roads, or the landform must allow a landing strip toc be built
nearby.*

Areas where drifting sand is a problem should be avoided. If this cannot
be done, a barrier or fence similar to the temporary snow fences used along
highways in the United States can be used to hold the sand; unfortunately, the
sand never melts but only grows and moves. Pereonnel may take advantage of
this by placing fences where stockpiles of sand would be useful for construc-
tion or camouflage. Emulsified asphalt or crude oll can also be applied to
teoporarily stabilize the soll.**

The drainage of the site must also be considered because even though the
desert receives little rain, when it does occur, it i{s usually sudden and
intense and causes flash flooding even 1f the rainfall is miles from the site.
Low-lying areas where there 1s & likelihood of ponding should be avoided.
Natural drainage swales (wadisl should be located and avoided because of the
likelihood of flash flooding.

Drainage and mosquitoes may be a problem where there are salt marshes.

These areas should also be avolded; however, 1f they are properly drained and
graded, the hazards can be removed. Light oils can also be applied to marshy
areas to kill mosquito larvae.

The hot summer wind is a problem because it blows sand. In addition, the
wind should be blocked during the hot part of the day, but should be used in
the evening to help cool the base.

* Gideon Golany, Urban Planning for Arid Zones {New York: John Wiley & Soms,
1978), p 7»

** Martin Evans, Housing, Climate and Comfort (London: The Architectural
Press, 1980), p 57.

***Golany, p 1ll.




There are seven landforms in the desert: piedmont, playa, alluvial fan,
floodplain, coastal plain, eolian landforms -—- loess and sand dunes, and mesa.
0f thesa, the mesa, coastal plain, and piedmont are most suitable for con~
struction. These three landforms are the ones most likely to be located with
wvater resources nearby.* However, the exact location will be dictated by the
nilitary requirements.

A site's elevation can influence its climate. An increase in elevation
csuses the temperature to decrease, and the relative humidity and the wind
ventilation to increase. Mesas and piedmont regions have this characteristic;
however, mesas are not as easily accessible because of the straight cliffe
surrounding them.##

The'piedmont region is the ares sloping down from a mountain. Slopes
facing away from the equator are preferable because they receive less direct

solar radiation and therefore have lower temperatures (Figure 2.1). Slopes
facing west aud southwest should be avoided because of their increased solar

radiation and ‘higher temperatures.®#s
Coastal plains slope toward the sea; because of the high humidity along

the coast, the wind is an important fector inm cooling. There may be & problem
with salt water entering the water table because of the nearness ¢ the sea.

2.3 Site Planning

Two main factors must be controlled when designing a base in s hot, arid
region. The intense solar radiation must be raeduced at critical periods by
orientation and shading, and the hot, dry daytime winds must be reduced.

Reducing the amount of solar radiation that reaches the building surfaces
and ground surfaces is the best way to reduce the heat gain in the dase.
Buildings should be designed with their long axis oriented in an east-wveat
direction to minimize the east and west wall exposure (Figure 2.2),* Build-
inge should slso be placed as close together ap possible in order to shade
each other. Building overhsngs, cantilevers, or arcades should be used when-
ever possible to provide shade for walkvays and building walls.. A cloth
canopy or some type of shade netting can aleo be installad betwasn buildings
to shade the streets and walkvways.

The streats should be as narrov as practical. Bhade should be provided
if practical in psrking aress to keep the vehicles from becosing unbearably
hot. Shade can be provided by canvas or some type of netting (Pigure 2.3).

Only heavily travelad streets snd pedastrian walkways should be paved
since the pavement will re-radiate more of the solar radistion than will the

# Golany, p 12,

% Solany, p 16.

S44Evang, p 54,
Victor Olgyay, Design With Climate (Princeton) Princeton University Press,
1973), p 55,

++ Kathiesn Kelly and R. T. Schnadelback, Landsceping the Baudl Arabia Desert
(Philsdelphis: The Delansy Prass, 1876), p
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Figure 2.2. Building layout: East-West orientation.

INDEPENDENT SHADE BUILDING OVERHANG

Figure 2.3 Parking shades.

ground surface. The streets should be paved in light earth colors rather than
white (because of the glare) or dark colors, which would cause the area to
become quite hot.

Large open plazas should be avoided because they do not provide shade and
will become too hot to use. In addition, the wind will deflect into them and
cause turbulence and blowing sand.

Vegetation helps to reduce the amount of radiation which reaches the
ground, to hold the soil in place, and to reduce the amount of blowing sand
(Figure 2.4).* Therefore, vegetation should be protected whenever possible
during base construction.

* Balwant Singh Saini, Building in Hot Dry Climate (Chichester; John Wiley &
Sons, 1980), p 86.
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BLOCKED BY VEGETATION,
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Figure 2.4. Vegetation.

The heights of the buildings should be kept as low and uniform as possi-
ble, with the distances between buildings no greater than the height of the
structures so the wind stays above the base. Taller buildings will create
turbulence and eddies in the base (Figure 2.53).

Wind towers can be used to catch the wind and provide ventilation and
cocling for the building interiors. Walled courtyards will provide protection
from the wind and cffer shade.

Streets should be designed perpendicular to the prevailing winds and be
as narrow as possible. Long, wide, straight streets should be avoided because
the wind, blowing sand, and heat will make conditions unbearable.

Many of the factors discussed here contradict those which must be con-
sidered for base protection and concealment. Base protection has not been
considered in this chapter; only the factors relating to climate-sensitive
design have been discussed.

PREVAILING WIND

TALLER BUILDING INCREASES
WIND SPEED & TURBULENCE

Figure 2.5. Effect of wind on high rises.
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CHAPTER 3 - BASE PROTECTION

3.1 Introduction

This chapter discusses problems with base protection, which include
camouflage, explosive excavation, mine utilization, field fortifications, and
installation physical security. Most of these problems are common to all
theaters of operation (T0) and are only slightly changed because of the pecu-
liarities of the region under study. In particular, the lack of water, tem—
perature extremes, and low humidity have little effect on {or affect only
indirectly) base protection. However, two dominant characteristics of the
region do have an effect: the 8oil conditions, including dust, and the lack
of building materials.

3.2 General

A general rule is that successful camouflage ig 80 percent proper aiting
and 20 percent treatment. In arid regions, featureless or flat terrain and
limited vegetation make camouflage of key elements at fixed facilities partic-
ularly valuable. (See FM 90-3,'Deaert Operations.) Dispersing easily iden-
tifiable features into irregular or nongeometrical patterns, avoiding open
plains, and keying into local natural terrain irregularities -- such as rock
outcrops, ditches, and drainageways =- are basic practices that can signifi-
cantly increase a base's chance of surviving air attacks. When keying
camouflage to natural drainage features, however, caution must be exercised
since such areas may be subject to flash flooding. Thus, their potential for
incorporation into the camouflage plan may be somewhat limited. Since Army
stock camouflage items may not be available for rapid deployment, local
materials can be used to fabricate acceptable alternatives. In all cases, a
total camouflage plan should be addressed on a force and unit basis, not on an
item-by-item basis. Best results can be achieved by a small (6~ to 10-man)
teaxr assigned camouflage responsibility.* Local labor should be used, if at
all possible, to construct expendient camouflage measures. Contingency plans
should be made ahead of time.

3.3 Explosive Excavation

The need may arise to excavate large soil volumes for tank obstacles,
place storage below ground, or emplace field fortifications. The principal
problems are (1) emplacing the explosives deep enough to use their full poten-
tial, and (2) predicting the resulting crater.

3.3.1 Emplacement

The emplacement problem will te difficult in many of the cemented desert
soils. Drilling equipment and/or shaped charges offer the only practicsl

* Wherever the words "man,” "men,” or their related pronouns appear, either as
words or parts of words (other than referring to a specific individual),
they have been used for literary purposes and are meant in their generic

sense to include both sexes.
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solutions. The crater dimensions can be approximated from the curves in Fig-
ures 3.1 and 3.2. While these curves are recommended for general use, in the
Middle East they will give most accurate results for TNT in dry granular sand
and weak rocks, the case for which they were developed.

3.3.2 Tank Obstacles

The best explosive excavation system for tank obstacles is a 4-in. plas~-
tic pipe buried to about 6-1/2 ft (2 m) and pumped full of slurry explosive.
This system can be primed with C~4 on one end, and the resulting linear ditch
can run several hundred meters. Two to three hundred is probably practical
without additional priming at intervals along the pipe. A system such as a
large Ditch Witch or Badger Plow may not be available to emplace pipe, so Fig~
ures 3.3 and 3.4 are provided for explosives in boreholes. Note that in addi-
tion to the problem of providing enough boreholes, large amounts of explosives
are also required. '

3.4 Mine Use

Mine warfare has required major engineering and logistical efforts in
previous desert combat. FM 90~3 points out that in most cases, desert mine-
fields, because of the terrain, must cover large areas to be effective. Two
possible problems that can arise in certain desert terrains and cause diffi-
culty in using mines to prevent intrusion are: (1) certain cemented or grav-
elly soils will be difficult to dig for underground emplacement of wines, and,
when dug, leave an obvious signature; and (2) drifting sands can cover
gcatterable mines, can cover buried mines too deeply for mine effectiveness,
and can expose mines that have been previously buried. No solutions are sug-
gested to these problems.

3.5 Pield Fortifications

Command posts and underground bunkers will be difficult to construct due
to lack of beams, timbers, and general construction materials. In one of the
Sinai campaigns, existing railroads were torm up s0.that rails and .ties could
be used to roof bunkers and fighting positions. Full advantage must be taken
of expedient items that can be salvaged from existing or demolished buildings
in the TO. For the larger structures, such items as rails and railroad
crossties, beams, and joists from demolished buildings, etc., may be avail~-
able. Competition for such salvaged materials should be expected because of
the general lack of timber and structural steel.

3.6 Overhead Cover for Prepared Positions

In arid regions there will be few natural materials from which to build
overhead cover for prepared fighting positions such as positions for Dragon
and Law antitank weapons and two-man fighting positions. Due to the extreme
temperatures, it may be just as important for overhead cover to provide shade
protection from incoming fire. Dust and blowing sands will be irritating to
the troops, may cause damage to the weapons, and can obscure the field of fire
during battle. For antitank weapons, the dust stirred up from the backblast
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Figure 3.4. Explosive barrier ditch cross sections.

and missile will not only give away the location of the position, but can also
decrease the gunner's field of vision to the point where he may lose his tar=
8et'

3.6.1 Possible Solutions

Use tubular sandbags for overhead cover. These sandbags are about 79 in.
(200 cm) long and 10 in. (25 cm) wide when empty. When filled and arched they
can span a 24-in. (60-cm) wide trench, providing overhead cover for the Dragon
and two-man fighting positions shown in TC 77-50, pp 49 and 12, respectively.
The tubular sandbag should be filled using soil dug from the bottom of the
position. The soll at the ground surface may be too dry for the filled bags
to arch properly. The arched bags will provide overhead cover for both shade
and protection from fragmentation. This method does not solve the problem of
backblast.

3.6.2 Special Congiderations

Tubular sandbags are used in Germany by the Army and by civilians for
flood control. These bags should be considered for inclusion as part of the
forces' sandbag supply.



3.7 Constructicu of Command, Control, and Communications (C3) Bunkers

Construction of ¢3 bunkers at operations bases and strong points using
designsg presently in Army field manuals requires large quantities of materials
(concrete, timber, and corrugated metal) and considerable effort by engineer
troops. A force operating in remote and arid regions will have neither the
materials nor engineer support to construct ¢3 bunkers using designs in the
field manuals. Another problem in arid regions is the extreme temperature
that, without adequate ventilation, could make staying in the bunker unbear-
able.

3.7.1 Posaitbie Solutions

Use buried frame fabric shelters. These shelters can be fabricated from
materials that will be found in built-up areas of the country and materials
brought in by the force. The frame for the shelter can be made either from
small-diameter (1-1/2- to 2-in.) steel or aluminum pipe connected with pipe
fitting or from lumber taken from existing structures. Frame Bpacing should
be a maximum of 30 in. (760 mm) and designed to support 18 to 24 -in. (46C to
610 mm) of soil. The fabric cover should be a neoprene-coated nylon fabrie,
such as T-17 landing membrane, or possibly the fabric from which large water
bladders are made. Excavation for the bunker can be done using engineer
equipment or explosives. Entranceways should be placed on both ends of the
bunker for ventilation. If available, blowers should also be used to increase
the ventilation. Approximately 16 in. (410 mm) of soil cover will provide
adequate fragmentation protection.

3.7.2 Spezial Coneiderations

Several frame-fabric shelters are being coneidered for type classifica-
tion. These shelters are lightweight, require little shipping space, and can
be erected rapidly by the users with engineer support required only for exca-
vation and placement of 8oil cover. In recent years, these shelters have been

used by the Israelis.

3.8 Special Camouflage Problems.

3.8.1 Iracks, Taxiways, Pipelines, and Other Lingar Features

1. Possible solutions. Bury pipes, avoid straight lines, and use ther-
mal blankets and screens to break up lines and patterns of piping. Use
adhesives and local soil to match background color. Shadows must be elim-
inated. Use discipline to curtail tracking. Rake out connecting tracks to
camouflage installations. Taxiways can be patterned by use of adhesives and
local soils. Special fireproof adhesives are required.

2. Don'ts. Do not employ comron adhesives on taxiways. Loose sand and
fire from common adhesives are hazards to jet engines.

3. Special considerations. Pipelines, off-road tracks, and taxiways are
all highly visible linear signatures and keys to specific target locations.
Brush and screens used randomly along pipelines help reduce detectability.
Local materials such as canvas, shrimp netting, 8creen, sheeting, straw,
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feathers, steel wool, and glass wool can be used to produce screens by tying
them to a mesh base support of wire or cord.

3.8.2 Flectrical Power Generators

l. Possible solutions. Emplace under cover of buildings. Bury in
natural or dug ground cuts. Cover installation with screening. Use thermal
blankets and radiation shields between generator and the expected angle of
incoming attack aircraft. Distribute generators to avoid regular signature
patterns. Employ antiradar screens. Insulate exhaust stacks and hot areas.
Bury power cables where possible. Employ decoy thermal sources to destroy
ground signature of site. Exhaust hot air and gases inteo the atmosphere from
shielded vents. The detection and identification of generators by thermal
devices is a principal threat to site, unit, and activity identification.

2. Don'ts. Do not restrict air flow through generators. Do mot exhaust
hot air onto objects and terrain (these will become secondary radiators). Do
not rely on visual screens to hide from thermal detection. Where possible,:
avoid open terrain.

3. Special considerations. Use local materials and labor to fabricate
needed camouflage. In a thermal region, the main objective i{s to 1=t heat
escape by convection while shielding radiation from detectors. Hot gases are
not readily detectable, but surfaces warmer or colder than their backgrounds
are. Straw, brush, and old fabrics of various kinds can be used to produce
screening.

3.8.3 Toll Towers and Antennae

l. Possible solutions. Site tall features with concealment considera-—
tion. Employ open-web construction where possible for both towers and anten~
nae. Pattern paint and apply shape distributors in accord with terrain using
local brush or similar material. Bury cable to towers (thermal target), Use
decoy towers to confuse force identity. Where feasible, use existing tall
structures for antennae emplacements.

2. Don'ts. Do not-cluster anténnae. Do not'add edge disruptors to
rotating antennae. Do not pattern paint rotating antennae. Color tone anten-
nae to match background terrain, fiot the sky. Avoid making tracks between guy
wire anchor points. Do not add to visual cross section of towers.

3. Special considerations. Antennae on tall towers are easily identi-
fied reference points for attack from the air. High winds must be considered
for all camouflage measures.

3.8.4 Individual Buildings and Shelters

1. Possible solutions. Use existing structures where possible and do
not modify their exterior appearance. Disperse new structures, shelters, and
tentage in nongeometrical patterns tied into existing terrain features. Bury
structures where forced to use open areas. Use adhesive and local soils to
tone down exposed surfaces. Conceal shadows and destroy geometric shape of
‘structures by use of screening made from local materials applied to wire-
netting base. Especially screen all openings to prevent "black-hole effect.”
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Extend ground jattern with soil treatments using oils, dark earth, etc. Main-
tain random road networks. Use decoy structures where appropriate to confuse
the attacker and provide false targets. Metal screening can reduce detection
by radar. Trash can be used to conceal vital buildings. Screening materials
of local nature are available to help in the form of adhesives from milk, soy-—
beans, flour, molasses, etc. Garnish from straw, fabrics, canvas, and trash
can also be used. Supporting mesh can be made from materials such as chicken
wire and old fish nets.

2. Don'ts. Avold positions in open-plain areas. Avoid positions on
crests or ridges. Do not alter exterior appearance of existing damaged build-
ings except to tone down. Do not permit traffic and parking near critical
buildings or shelters. Do not use open geometric patterns for tents and vans.
Keep antennae and other highly identifiable features at a distance from criti-
cal headquarters buildings.

3. Special considerations. Use local materials and labor where possi-
ble. Basic use of local soil adhered to etructures is valuable for tone: down.
Screens made from straw, brush, rags, or shrimp netting tied to supporting
netting are good substitutes for inventory screening. Adhesives can be made
from molasses, oill, bituminous ewmulsions, resins, glues, starches, soybean and
milk protein, and flour.

3.8.5 Open Material Storage Sites and FueZ.Storage

1. Possible solutions. Use natural terrain features and lines to stock
stores. Use broken ground, gullies, existing roadsides, and shadows of build-
ings to disperse supplies so that from a distance they appear as a part of the
natural order of things. Employ local materials such as brush, straw, and
fabrics to break up linear patterns of stock supplies. Use adhesive and local
golls to fabricate screens for covering larger items. Disperse large items
consistent with security. Create decoy storage sites in open areas using the
usual military squares and piles of trash. Patterns can be created on the
ground in arid areas with oil or other dark colorants to simulate stocks of
stores by representing their shadow. Use existing bulldings where possible to
provide both concealment and cover. Where possible, employ existing fuel
storage facilities.  Bury bladders, keeping the shape of revetments irregular.
Disperse into irregular geometric patterns. Use screening to cover .shadow
line and employ local soll as colorant. Vertical tanks should be emplaced
against rocky outcrops or buried. Screening trash and treated paper can simu-
late rocky backgrounds. Thermal insulation (such as foam) on paper or fabric
covering can reduce infrared detection when used over tanks and bladders.
Screens of patterned canvas are suitable in desert areas if wind load is taken
into account,

2. Don'ts. Avold stereotyped geometric ground patterns in establishing
storage sites. Avold use of open~plain areas. Avold creating more roads than

necessary.

3. Special considerations. Material storage is an inviting target.
While moderately increasing inventory and controlling access are valuable
techniques, the use of passive measures to protect stores is worth the cost.
Take precautions when using natural drainage features since they may be sub-
Ject to flash flooding.
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3.9 Placement of Mines in Shifting Sands

Placement of mines in areas known to have shifting sands may result in
buried mines being uncovered, thus making it easier for others to detect mine
locations. Mines placed in wadis or other intermittent water courses may be
dislocated or even detonated when rains fill these channels. Burial of mines
in desert plateau areas where the ground is flat and stony may prove diffi-
cult. (Information source, Landmine and Countermine Warfare, North Africa,
1940-1943 [Engineer Agency for Resources Inventories, June 1972].) Possible
solutions include minefield locations carefully selected with full knowledge
of the possible adverse environmental impacts.

3.10 Mine Removal

Featureless terrain without easily locatable landmarks makes finding and
removing friendly minefields difficult. Possible solutions include starting
points located and recorded by taking azimuths and distances from more than
one landmark and ensuring the landmarks are the most permanent terrain feature
available.

3.11 Effects of Temperature Extremes on Mines

Extreme temperatures and abrupt daily temperature changes can affect the
functioning of buried mines and create increased dangers from mine detonations
in open-storage dump areas. Surface laying of mines can increase the tempera=-
ture extremes that mines are subject to. (Information source, Landmine and
Countermine Warfare, North Africa, 1940-1943 [Engineer Agency for Resource
Inventories, June 1972].)

3.11.1 Possible Solutions

This problem was noted from World War II experiences in North Africa.
Current landmine manuals indicate that U.S. landmines are built to function in
temperatures as high as 1259F (51°C) and may be stored in areas up to 160°F
(709C). Little information was found on what has been done to improve the
ability of mines to function in these extreme temperatures since World War II.
However, mines placed in a desert environment may reach temperatures greater
than 1509F (65°C) due to solar heating, especially if they are surface laid.

3.11.2 Dont's

Do not store mines in enclosed buildings where temperatures might exceed
150°F (65°C).

3.12 Mine Detector AN-PRS-7

The current noametallic mine detector, AN-PRS-7, does not function well
in goils with an extremely low moisture content. This problem was noted dur-
-ing the clearaace of mines at the Suez Canal; however, no practical sclution
is known.
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3.13 Visual Detection of Minefield Intruders

Visual detection of minefield intruders will be hindered by afternoon
haze in deserts on clear, hot days. Between 1500 and 1700 hours, haze may
limit visibility close to the ground to approximately 200 yd. (Information
source, Landmine and Countermine Warfare, North Africa, 1940-1943 [Engineer
Agency for Resources Inventories, June 1972].) Use sentry dogs or other gen-
sors to detect intruders during perlods when haze limits ground visibllity.

3.14 Effect of Extreme Environment on Sensors

Extreme environmental factors such as high temperatures, haze, winda, and
sandstorms can degrade sensor performance by creating excessively high false
alarm rates, reducing effective detection ranges, and causing mechanical and
electronic component faillures. Sandstorms could even bury the sensor com—
pletely. Infrared sensors will be adversely affected by haze, ground fog, or
gandstorms. Detection capabilities during high temperatures will be reduced
because the temperature differentials between the target and the background
will be small. Extreme temperature fluctuations wlll make it difficult to
adjust the dynamic range of infrared equipment. The radar's effectiveness
will be reduced during sandstorms due to reduced effective ranges and clogging
of moving components (such as sweeping dishes) with sand. Acoustic sensors
will be adversely affected by background noises created by high winds and
blowing sand, which can clog or abrade microphones. Seismic 8ensors will be
difficult to emplace and be less sensitive where bedrock is exposed. To solve
such difficulties, electronic components should be shielded from the sun and
cooled. Verifying sensors should be used to reduce false alarm rates. Low-
frequency radars should be used during sandstorms {up to 1.0 GHz). When pos—
sible, alter terrain to extend effective ranges of sensors.
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"CHAPTER 4 - EJECTRIC POWER GENERATION, DISTRIBUTION, AND GROUNDING:
SWA BASE CAMPS

4.1 Introduction

This chapter considers aspects of electric power generation and distribu-
tion that present significant challenges to Army deployment and operations in
SWA environments. Field engineers can use this information as a guide to
specific problems with electric distribution systems in a desert environment,
and as an outline of typical distribution/generation equipment expected to be
used. The information collected here is applicable to Army base camps or
logistic complexes that may be built in areas forward of designated, pre-
stocked, intermediate staging bases (ISBs), and therefore to any region of
SWA.

This chapter is based on-the following assumptions:

1. Base camps will be developed in an arid, sandy, and -hot environment
with high winds. ’

2. Logistics and re-supply capability will be limited.

3. Host nation power will be either unavailable or incompatible with
power demand.

4. Use of organic TOE generators for more than a few weeks will not be
acceptable because of troop unit operational degradation.

5. Engineer support will be overtasked; shortages of experienced elec—
tric distribution specialists are expected.

6. Base camps may have to be relocated for tactical or logistical rea-
sons.

A very simplified electric distribution system is required. A more ela~
borate or extensive system would not be feasible to construct or maintain
using presently available distribution equipment/materials. A limited and
simplified power distribution system would be compatible with currently con-
sidered levels of austerity within the base camp. As an example of electric
utilities' austerity, recent findings indicate that the average electric power
available at typical OCONUS Army bases is between 0.75 and 1.6 kW per man.
Base camp planning for SWA forward areas consider power levels of .10 to .20
kW per man. Certain ISB locations provide for total electric consumption of 5
MW, whereas base camps will provide about 1 MW for equivalent size units.

Other considerations in this chapter are reliance on field-expedient
measures and common sense, along with tactical considerations that may become
important at later phases of base camp operation. In most scenarios which
include a base camp, both air superiority and positive region control are
assumed. - This assumption may not hold for extended periods.

The electric power distribution system considered here is intended to
support a typical 1000-man base camp. Although larger base sizes of 3000- and
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5000-man capacity are being planned, it is recommended, for simplicity and
least demand on electric distribution expertise, that the 1000-man distribu-
tion network be duplicated as necessary to accommodate these larger camps.
Extension of completely centralized distribution (i.e., using larger genera-
tors and longer trunk lines) would necessitate use of higher voltages, addi-
tional types of equipment, and personnel with more expertise in distribution.

At this stage in the planning for base camp development, exact —— or even
approximate -— power demand profiles have not been specified because of ongo-
ing revisions in Army Facility Component System (AFCS) facilities for use in
SWA. Since any distribution system must be tailored to match a known demand,
specific recommendations for generation/distribution equipment size are not
included here. However, examples of typical distribution systems, and those
proposed by other studies, are included. General principles for using these
systems8 are considered.

4,2 Generation

Army standard tactical generators (TGs) are recommended for base camp use
during initial and temporary phases of base camp occupation. Th: DOD's Mobile
Electric Power Program (MEPP) monitors development, standardization, and pro-
curement of these units. Particularly applicable to base camp distribution
are the 60 kW, 100 kW, and 200 kW sizes. The entire line of available TGs 1s
described in MIL-STD-633E. Recent base development studies* have incorporated
the low voltage 100 kW TG with parallel operation to meet austere 1000-man
camp demands of 100 kW or 200 kW. The 100-kW diesel generator produces
120/208 V 3 ¢ 4 wire or 240/416 V, 3 ¢ 4 wire electric power. Its specified
mean time between failures (MIBF) is 24 days, which means a back-up generator
is needed on site. For best reliability, the older TG should be used as the
back-up. Principles of TG selection and matching of generator size to
specific load balancing configurations are explained in TM 5-766 and TM 5-765.

TG sets are designed with an integral housing td permit free-standing
operation in traditional environments. However, extended operation of TGs in
the harsh desert environment must be appraached with provisions for additional
protection from intemse solar radiation, wind blown dust, and eucroaching sand
dunes. Field experience has shown that with additional environmental protec-
tion, TGe can perform satisfactorily in desert areas. These generators have
been known to continue satisfactory operation, though at reduced power levels,
when 8o protected -— even at ambient air temperatures over 1259F (52°C).

Figure 4.1 1s an example of a portable TG protective structure. This is
used for the smaller 15-kW and 30-kW TGs. For larger TGs, it 1s recommended
" that a sandbag walled structure be partially buried in the soil. The floor
should be reinforced with a layer of sandbags or 4 in. (100 mm) of concrete,
if available, and provide for TG tiedowns. The structure must allow 3 to 4 ft
(0.91 to 1.22 m) of ventflation space arovnd all generator surfaces, except

* Staff Study, Army Facility Component System (416th Engineer Command, 10 July
1981); Value Engineering Study, AFCS (416th Engineer Command, 25 March
1981).
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the bottom. Where wood and roofing materials are not available, a pole and
canvas system can be erected over the walls to provide a sun shade. A 2- to
3-fr (0.6096- to 0.9144-m) ventilation space must be provided between the wall
top and canvas. Such a shelter is shown in Figure 4.2. Note that this
arrangement can be adapted for evaporative cooling of radiator ventilation
air, if water 1s available. The pole and canvas arrangement baffles the ven-
tilation air and removes some sand and dust particles.

Siting of the TGs or TG shelter is also important in reducing environmen-—
tal effects and in making the general distribution system as effective as pos—
sible. Factors to conslider in TG siting include the following:

1. The demand for electric current over relatively long distribution
cables produces significant voltage drops, which dictate the use of
larger cables or transformers between the generator and load. To
reduce the need for transformers in low voltage systems, generators
should be placed as close as practicable to the largest power demand
facilities. In austere base camps, these large power demands usually
come from the dispensary and mess halls.

2. Existing terrain features and drainage contours should bec usged to
minimize exposure of units to prevailing winds. Winds in most of SWA
blow from either the northwest or southeast.

3. It will be easier to ground the generator if the TG 1is placed near
natural or constructed water sources (i.e., near high water table,
underground streams or piping systems, and near waste water disposal
sinks). (See Section 4.4.)

Where multiple TGs are to be used in parallel or separately, on-line gen-
erators should be sheltered separately to minimize overheating potential.
Backup generators used as standby may be sheltered with an on-line TG. Due to
large amounts of heat given off by the generators, TGs should not .be placed
downwind of other operating generator units. It should be remembered that TGs
are not designed for indoor operation, and should not be housed in a com-
pletely enclosed facility. The shelters described above are intended for use
as a sunshade and windbreak.

Other options may become necessary in base camp power generation. Figure
4.3 shows an exhaust muffler used by several on-line generators. The exhaust
from the TG shelter is piped into underground fuel drums and finally expelled
above ground into a water—-filled drum. A larger body of water is normally
recommended where water 1s plentiful. The water level must not be higher than
the generator set. This muffler system should be at least 25 ft (6.35 m) from
the generator to normalize back pressure. Additionally, the muffler intake
and exhaust pipe should be the same size and matched in cross—-sectional area
to the generator's exhaust pipes.

This muffler system and subsurface generator shelter significantly reduce
noise and heat signature emissions, a drawback to conventionally emplaced TGs
in bage camps.

When experienced generation/distribution personnel are not available for
extended periode, it 1is essential that generators (particularly those in
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Figure 4.3 Underground muffler.

parallel configurations) be equipped with appropriate power leveliing governors
and voltage regulators. This equipment allows startup, load transfer, and
shutdown of generators with a minimum of personnel expertise and generator
adjustments. The Woodward governor and Basler voltage regulator have been
used reliably for this. Note, however, that compatible governing and regulat-
ing equipment to insure most efficient operation may not automatically be
shipped with the TG. It must be specified or procured separately. Particular
attention should be given to proper connection and adjustment when paralleling
precise power generators.

For operations in extremely hot regions, additional radiator.capacity can
be obtained by using add-on cocling towers (for larger TGs) or add-on radiator
extenders. Because Army generators have not generally been employed in exten-
8ive desert operations, these add-on devices are not commonly used. They are
available, however, and have worked well in allowing continued operation of TG
above its rated ambient temperature (nmormally 1250F [529C]). Where water
sources are available, evaporative cooling of TG ventilation air riay be feasi~
ble. This method works well in hot and dry weather. Do not attempt to cool
TG radiators by direct application of water to the radiator. In a very short
time, the radiator will be damaged because of scale and oxide formations on
the metal gurfaces.

Another important aspect of power generation is TG behavior at ambieat
temperatures above the generator rating. At elevated temperatures, hot gen-
erator parts less efficiently convert mechanical power from the TG diesel
engine to electric power. Therefore, TG output will be somewhat degraded
above its rated temperature (ambient 1259F [520C]). However, a TG will con-
tinue to operate until one of several protective devices is autcmatically
triggered. <Cut-off switches include:
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1. High water temperature

2. High oil temperature

3. Low fuel level

4. Low o1l pressure

5. High alternator temperature.

Exceeded safety leveis of any of these switches will shut down the diesel
engine. In mission-critical situations, these safety cut-offs can normally be
manually overridden using the procedures in the TG operator's manual. How-
ever, it 1s recommended that low oil pressure and high alternator temperature
cut-offs never be overridden. These two safety circuits prevent irreparable
damage to the set. As noted earlier, TGs can continue operation above 125°F
(52°C) ambient when adequate shelter and cooling techniques are used. Other
protective devices on TGs deal with improper paralleling, poor load balancing,
and distribution system short-circuiting. These cut-offs are not directly
related to temperature.

The newer TGs are designed to operate in sandy and dusty envirooments.
However, extended and continuous operation in conditions of wind driven dust
and high temperatures can be expected to reduce TG MTBF. Older generator sets
were often fielded with slip rings or brushes and unsealed generator housings.
These units are particularly susceptible to premature failure because dust and
sand accelerate wear to these components. At higher temperature operation,
seals and lubrication boots tend to relax, allowing entry of dust or sand to
bearings and rotating windings.

To prevent wear, personnel must maintain and clean TGs carefully. SWA
contingency units should insure that adequate replacement parts are available
for generator items particularly susceptible to sand and dust abrasion. Older
units should be used as backup generators; thiir on-line use must be minimized
during extremely dusty and windy periods. Use of low-residue cleaning sol-
vents and compressed air on nonmoving parts 1s recommended for cleaning of TG
components. Do not apply oil or grease to abrading surfaces because this will
attract and bind more sand to the treated areas. Most importantly, generator
operators and maintenance personnel must anticipate potential problems due to
sand and dust., '

4,3 Distribution

It is recommended that underground (UGD) and/or on-the-ground (OGD) dis-
tribution of electric power be used exclusively for Army base camps con-
structed in SWA. This recommendation is based on several considerations, two
driving ones being construction/maintenance costs and timeliness of emplace-
ment.

In most commercial applications, overhead distribution (OHD) 1s less
expensive to install and maintain than the conventional UGD due to ample sup-
plies of poles and easy access to the wires. However, Army units in SWA gen-
erally will not be able to take advantage of the economies associated with

4-7



OHD. Additionally, base camp time phasing may preclude the time-consuming
construction of OHD and allow only OGD initially. The following considera-

tions should be taken into account:

1. Poles and wood for crossarms ‘would overtask logistics/transport sys-
tems because these items are not locally available in SWA.

2. Poles and wood structures warp and become brittle when exposed unpro=-
tected to dry and hot desert climates.

3. Use of poles will require special equipment and techniques for set-
ting and for stringing conductors.

4. OHD systems expose conductors to intense solar radiation, h;gh tem-
peratures, abrasive blowing sands, and wind. These cause both
redu1ed conductor rating and increased maintenance/repair costs.

5. Construction of OHD requires more on-site expertise than UGD.
6. OHD requires more construction time and labor.
7. OHD is more susceptible to enemy actions.

Although OHD systems are used in SWA, extensive expendiéures of money,
manpower, and time are involved in both their construction and maintenance.
In general, Army engineers will not have the construction resources for OHD
systems.

A simplified UGD is recommended for use at base camps because it elim-
inates many of the problems: noted above. With this system, the conduits,
manholes, and vaults are eliminated. Ingtead, the primary and secondary
cables are buried directly in the ground, and the transformers and junction
boxes are houdbd in enclosures above the ground. It should be noted, however,
that this simplified UGD is not readily adaptable to distribution system
growth or extension. Both the conventional UGD and OHD are adaptable to ser-
vice extension.

The nature of deployment into a base camp may dictate that electric util=-
ities be provided on short notice. In this case, OGD can be allowed. This
wmethod provides expedient layout and recovery of the distribution system and
does not become as labor~intensive as UGD. For extended base camp operations,
however, it is recommended that OGD be protected from sunlight and blowing
sands as much as practicable. Conductors that cross roads or heavily traveled
lanes must be routed underground. A recommended technique for croseing roads
is shown in Figure 4.4. This sketch shows cables on either side of the road
protected by gandbags from sun, wind, and foot movement. Sandbag protection
is essential for OGD and can be used to help stabilize trenches for UGD.
Schedule 40 polyvinyl chloride (PVC) conduit with a diameter of 3 to 4 in,

(76 to 102 mm) is suitable for expedient raceways under roads, In applications
where excessively high roadway temperatures are expected, schedule 80 chlori-
nated PVC (CPVC) should be used, if available. In temperatures over 90°F
(329C), there should be no more than three per raceway to prevent unnecessary
cable derating. When used as a raceway, conduit must also have at least 60
percent air space in conduit cross-section.
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FPigure 4.4. Typlcal expedient road crossing, UGD.

In particularly hot areas, or where OGD may present certain safety
hazards, the simplified distribution system should be buried in a trench..
Figure 4.5 depicts a typical trench raceway. The cablee must be buried at a
depth of at least 18 in. (460 mm) to take advantage of reduced soil tempera-
ture. Backfilling trenches with sandbags (never rocky soil) is recoammended,
followed by loose area topsoil. Other on-hand materials such as boards, logs,
and angle iron, could also be used to protect OGD and UGD from penetrations
and breakage.

Planning gui&ance for use of transformers, bus bars, junction boxes,
pedestals, voltage sectionalizers, and cable types is given in TM 5-684,

TM 5-765, TM 5-766, and Corps of Engineers Guide Specification CE 303.06. For
base camp applications, the totally enclosed non~ventilated (TENV) dry

transformer is recommended where high temperatures and blowing dust are pre~
valent. ‘- Dry transformers are generally lighter than the oil-insulated type,
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Figure 4.5. . Direct burial of cable showing proper cable spacing
and depth, (From Electric Power Generation-in
the Field,  FM 20-31)

and are essentially maintenance-free. Tb reduqe transformer deratihg at high
temperatures, a sunshade and reflective palnting on transformer surfaces
should be provided. ‘

In general, an overheating transformer will be too hot to touch with bare
hande. When overheating occurs, the power. load through the transformer must
be reduced. Continued use at overheated conditions will permanently damage
the windings and insulation materials. The Navy, in response to U.S. Marine
Corps (USMC) demand for a rapidly installed distribution system, has recently
developed a family of copper cable assemblies: and skid-mounted distribution
panels designed for use with Mobile Electric Power's (MEP) 15 kW, 30 kW, and
100 kW low-voltage TGs.

In general, the Army's distribition and generation equipment is intended.
to readily accept only copper wire cabled. A recent base development study
has proposed the use of aluminum-stranded conductors instead of copper conduc-
tors to reduce transportation/logistics loads.* An electrically’gquivalent
amount of aluminum wire weighs only half as much as copper wire, :If large
amounts of distribution cable were needed for base camp utilities, then the
weight savings with aluminum cable might Jjustify its use. Also, relatively
new processes in aluminum alloy applications to cable have eliminated much of
the "creep” and “loosening” tendency so characteristic of earlier aluminum
cables. Yet the use of aluminum cable in the construction.of a distribution
system matched to commonly available Army equipment and electric parts
requires considerably more expertise and supervision to insure proper assem—
bly. Particularly in the corrosive soils of many SWA reglons, improper con-
nections of copper to aluminum will result in system failures and safety

* Staff Study, Army Facility Component System (416th Engineer Command, 10 July
1981).
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hazards. It 1s therefore recommended that copper conductors be used for base
camp power discribution.

The recommended cable types for base camp use are those meeting Under-
writers Laboratories (UL) requirements for type Underground Service Entrance
(USE). This cable 1s designed for underground applications in wet or dry
80i1l. The insulation 18 vulcanized or chemically cross-linked polyethylene
rated to 194°F (90°C) at continuous operation. Stranded copper conductors in
this type of cable are recommended to provide better cable flexibility and
re-use potentials (as opposed to single-strand conductors), Where these
cables are intended for extended OGD use, it is recommended that jacketed con-
centric neutral conductors be used. These will provide additional system
safety 1f the cable is broken by rodents, or by personnel or vehicular move=
ments. Typical wire sizes expected for base camp use are #4, #6, and #8
American Wire Gauge (AWG) copper-stranded USE. The use of corrosion-resistant
disconnect/plug-in type cable connectors is recommended (particularly for OGD)
to facilitate both repalr and recovery.

Although this cable's insulation is rated up to 194°F (90°C), -the cable's
current~carrying ability, or ampacity, begins derating at an ambient air tem-
peraturre of B6°F (30°C). This is because the current in the cable generates
its own heat in addition to heat absorbed from the environment. Tables 4.1
through 4.4 give ampacity derating data for typical distribution cables.

These tables show that at hot desert temperatures, the allowed current load is
reduced to about 65 percent of the allowed current at 86°F (30°C). Neglect of
this derating scheme at high ambient temperatures will compromise the distri-
bution cable reliability, and can directly lead to both fire and safety
hazards. Do not overload conductorg. Normally, larger conductors can be
installed to handle larger currents at high temperatures. Additionally, in
low-voltage systems, larger conductors will be necessary to prevent excessive
voltage drops for cables longer than a few hundred feet. In general, voltage
drops of between 5 percent and 10 percent are acceptable. For example, allow-
ing 10 percent voltage drop and using 3 ¢ 4 wire 120/208 V system, a 10-kW
load using #8 AWG stranded copper can be placed a maximum of 700 ft (213.4 m)
from the generator; #6 AWG allows a maximum run of 1100 ft (335.3 m). Other
voltage drop configurations are discussed in detail ian TM 5-765.

Figures 4.6 through 4.8 are examples of conductor -layout patteras that
may be adopted for base camp use. These examples are presented only to 1llus-
trate "order of magnitude” distribution system sophistication (or simplicity).
A dispersed and nonlinear approach to the 1000-man base camp is shown 1in
Figure 4.6; Table 4.5 gives facility power loads. No lighting is supplied to
troop barracks, and other facilities are electrically austere. This system
uses low-voltage and one 100 kW TG with one 100 kW TG standby. A more typical
and slightly less austere base camp 1s outlined in Figure 4.7; the legend for
the figure 1s in Table 4.6. This 1000-man base camp also provides no lighting
to enlisted troop areas. In most base camp developments, these troop areas
may initially be a "tent city” with improved levels of electric power becoming
available as the camp moves into temporary construction phases. Figure 4.8
1llustrates a typical "generic” layout which includes 8ome higher voltage dis-
tributian to outlying areas. For this layout, dry transformers rated at 5 kVA
are used to step up to and down from a 2400-V transmission line voltage.
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Table 4.1

Allowable Ampacities of Insulated Conductors

Rated 0-2000 Volts, 60 to 90°C: Not More Than Three Conductorec)
(Reproducaﬂ)with pernission from NFPA 70-1981, National Electrical Code™,
Copyright 1980, National Fire Protection Association, Inc., Quincy,
MA 02269, This reprinted material 1s not the complete and official
pogition of the NFPA on the referenced sub]ject which 1s represented only by
the standard in its entirety. National Electrical Code and NEC are Registered
Trademarks of the National Fire Protection Assaciatiom, Inc., Quincy, MA

02269.)

Not More Than Three Conductors in Raceway or Cable or Barth
(Directly Burled}, Based on Ambient Temperature of 30°C (86°F)

Sire Tewperature Reting of Conducior, S4e Teble 310-13 Sin
0n'c 75°C 30t 20°C we | mwe "»we we
140°n | (167°n (0e8°n] (1se'n (1w cern [(1e8°n | os-n
IYPES | TYPES | TYPES TYPEs | TYPES
RUW, T,| FEPW, | ¥, M1 rWrﬂ. RW%. lﬂmlil’ﬂ', ¥, 1 | TA, TBS, :
awe | Tw, UF |, nuw, sk, AYVE, [ TW, 0| duw, . u‘m, awe
du, AN vdf. THW
mew W tfebe, T, ‘l_"”ﬁ MCM
THWH, RAH XiHw, TN,
KXY T, usE XU
UsE, IW AXHHW
ALUMINUM OR
COPPER COPPEA-CLAD ALUMINUW
18 21
16 v ] oees 22 22
14 15 15 23 25 R I U R
12 20 20 30 30 15 13 25 25 12
10 30 30 40 40 25 25 30 30 10
B 40 43 50 50 -30 40 40 8
[ 35 63 70 70 40 5o 55 35 6
4 70 83 90 53 63 70 70 4
3 80 100 105 105 65 75 |. 80 80 3
2 95 115 120 | » 120 15 90 9 2
1 110 130 140 140 85 100 110 110 1
0§ 125 150 155 153 100 | 120 125 125 0
00 | 143 175 185 1BY 115 1335 14% 145 00
000 | 165 | 200 | 210 210 130 155 163 165
0000 § 195 | 2310 | 23§ 2315 155 160 183 183 0000
230 | 215 | 255 [ 270 | *270 170 | 2035 218 215 250
300 0 | 285 300 300 190 | 230 | 240 300
350 | 260 | 310 325 325 U0 | 250 | 260 260 350
400 | 280 | 135 360 360 225 | 2720 | 2% 290
500 | 320 | 380 | 405 405 1260 | 310 | 330 330 500
600 | 355 | 420 | 455 435 283 190 370 370 600
700 | 183 490 | 490 | 310 [ 375 [ a5 | ‘393 700
150 473 500 320 | 383 | 405 I 150
BOO | 410 | 490 | 51§ 515 330 | 393 | 415 415 800
900 | 435 520 | 53% 533 3155 | 42% | 455 453
1000 | 455 545 | 585 585 375 | 445 | 480 480 1000
1250 | 495 | 390 | e4s 645 405 | 485.1 510 530 1250
1500 | 520 | 625 | 700 700 435 | 520 580 580 1500
1750 | 545 | 650 | 135 735 | 455 )543 | 615 613 1750
2000 | S60 | 663 | 3713 173 470 | 560 ) 630 650 2000
o - -CORRECTION FACTORS
. For amblen! lemperatures over ao'c.,mltrpr"m ampacitiss shown
Ambient | sbove By the sppropriste correction ‘tactor io defermine the maxi-| Amblent
Tomp, °C| mum alliowsnbie load ewrrent. Temp. °F
3140 | .82 B8 90 91 82 88 90 9 86-104
41-50 | .58 1 30 .82 58 .15 80 82 105-122
160 ....1 .58 67 ) veed |0 .38 .67 ] 123-141
61-70 | ....| 35 .52 38 ceen | L3S 52 38 142-158
70801 ....¢ .... | 30 M PO T Al 159-176

} The load current saling and the overcurrent prolection for these conductors
shall not exceed 15 amperes for 14 AWO, 20 amperes for 12 AWG, and 30 amperes
loy 10 AWG copper; or 1S amperes for 12 AWG snd 25 amperes for 10 AWG alu-
minum end copper-clad sluminum,

* For dry tocatlons only. See 75°C column for wet locations.
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Table 4.2

Allowable Ampacities of Ingulated Conductors
Rated 0~2000 Volts, 60 to 90°C: Single Conductors ®
(Reproduced with permission from NFPA 70-1981, National Electrical Code™,
Copyright@ 1980, National Fire Protection Association, Inc., Quincy, MA
02269. This reprinted material is not the complete and officfal position of
the NFPA on the referenced aubject which is represented only by the standard

in its entirety.)

Single conductors in free air, based on ambient temperature of 30°C (36°F).

i Tompersture Rating ol Conducier. See Teble 319-13 She
[ e 23°c nw'c [ mw'e "we ”me
{180* (167°F} ({188 F) (184°F) |(180°0) | (161°F [(189°1)] (1%4°F)
TYPeEs | TYPES | TYPES| TYPES | TYPER | YYPES | TYPES) TYPER
ROW, T,] rEMW Y, Ml |TA, TRS, |RUW,_ T,| AW, RHW, | ¥, ! | TA. TDS,
awe | T | an, mai hAvS, ™ ‘|mut THNW, S AvE|  awe
“iﬂ f . i
N T v Ll e
w, 2w \ L
'a 1XNHw
| i
ALUMINUM OR
COPPER COPPER.CLAD ALUMINUM
18 25 .
16 27 Pyl ceee
14 20 20 30 wl.... vy
13 25 28 40 40 20 20 30 30 12
10 40 55 55 30 30 43 4% H{]
8 35 63 70 70 45 55 55 55 8
[ 80 95 | 100! 100 60 75 80 6
4 10§ 115 135 138 8O 100 105 | 108 4
3 120 143 155 ] 158 95 115 120} 120 k]
2 140 170 180 | 180 110 133 1407 1 2
1 169§ 193 210| 210 130 155 1651{ 163 1
0 19§ 230 45 | 245 150 180 190 190 0
00 225 263 285 | 285 175 210 220 | 220 00
000 260 310 330} 33 200 240 255 ] 255 000
0000 300 160 385 | 388 230 280 300 | 300 0000
150 340 405 4231 415 265 s 30| 3o 230
300 373 445 4 480 2%0 350 3715| 38 300
350 420 505 330 S30 330 393 415 | 415 350
400 455 545 575 375 355 425 4350 | 450 400
500 518 620 405 483 515 | SIS 500
600 575 690 740 | 740 455 343 585 | 585 600
700 630 758 B15 | 818 S00 . 193 645 |. 645 100
750 635 785 843 | 84s 518 620 670 670 150
800 815 880 380 535 645 695 | €95 800
900 730 470 940 5 700 900
1000 780 938 [ 1000 [ 1000 62% 750 80G [ 800 1000
1250 890 | 1068 | 11301130 | 710 853 205 | 905 1250
1500 980 1175 ] 1260} 1260 195 950 | 1020 ) 1020 1500
1750 | 1070 1280 | 1370 { 1370 878 1050 11251 1128 1750
2000 | 1155 1385 | 1470 ] 1470 960 1150 | 1220 1220 2000
CORARECTION FACTORS
For ambieal temperatures over 30°C, mult the smpacities shown
Ambivat [ sbove by the ropriate oorrecilon feotor 0 deferming the maxi- | Ambies{
Tomp. *C| mum aliowable load currant. Temp. °F
3140 | .82 88 | N0 91 5 28 90 g1 86-104
41-30 58 13 80 52 58 .73 .80 82 | 105-122
$1-60 } ..., 58 67 N 58 .67 )| 123-141
61-70 | .... Js 52 .58 s .52 .58 142-158
7180 | .... .30 Al .30 A1 159-176

{The load current rating and the overcurrent protection for thest conducton
shall not exceed 20 smperes for 14 AWQ, 25 amperes for |2 AWQ, and 40 amperes
for 10 AWG copper; of 20 amperes for 12 AWG and 30 amperes for 10 AWG alu-
minum and copper-ciad aluminum.

* For dry locations only. See 75°C columm for wet locations.
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Table 4.3

Allowable Ampacities of Insulated Conductors
Rated 110 to 250°C: Not More Than Three Conductors ®
(Reprodiced with permission from NFPA 70-1981, National Electrical Code
Cbpyright@ 1980, National Fire Protection Association, Inc., Quincy, HA
02269. This reprinted material is not the complete and official position of
the NFPA on the referenced subject which 1s represented only by the standard
in its entirety.)

Not More Then Three Conductors in Raceway or Cable
Based on Ambient Temperalure of 30°C (86°F).

Shre Tomperaiure Rating of Cenducior. See Table 310-19 Shee

1ece [ vaece Tisec [ 200°c T 2s0¢ | 11et | 125'¢ [ 200°C
(200°F) | @47 | 302°p) | (392'm | (es°p) | @30°) | 269°R) | p92-m
TYPES | WYPED | TYPE nm TVPEd | Trven | TVPES | TYPEs |
L W) z A’I PEAR, | ave, | M, |,
awg AL | sk n’i"d we' | avl | aik awe
wem | PrA ' ] mew'
lucxu )
'c‘ﬁ'% ALUMINUM OR COPPER
corrrn COPPER CLAD ALUMINUM
14 30 30 10 0| 4. .1...-J....t ...
12 15 | 40 40| 40 $$ 25 30 30 12
10 45 50 50 1] 75 35 40 45 10
e 0 63 65 70 95 43 50 55 8
6 %0 8s % 9% | 120 60 65 7 6
4 Jaos | s b s | 120 | 145 | 80 ] 90 | 95 4
3 [ 120 | 130 | 135 | 145 | 170 os | 100 | 113 ]
2 | 135 | 145 | 150 | 168 | 195 | 108 | 115 | 130 2
1 160 | 170 ] 180 | 190 | 220 | 125 | 135 | 1%0 !
0 190 | 200 [ 210 | 225 [ 250 | 150 | 160 | 180 0
00 | 25 | 230 | 240 | 25¢ | 280 | 170 | 180 | 200 00
000 | 245 | 265 | 275 | 285 | 315 | 195 | 210 | 225 000
0000 | 275 | Jo | 328 | 340 | 370 | 215 | 45 | 270 | o000
250 | M5 | 3% | ... | ... 1 ....1 250 ] 770 250
300 | 25| 30 | ....|....[ ... 2251 305 300
350 -} 390 | 420 | .... | ~.o ) oo ] 31O ) W35 350
400 | 420 | 4s0 | ... ] .| Ciio ) 338 | 360 400
So0 | 470 { so0 {.... ) ....0....0} 380 | dos 500
600 | 525 | 543 | .... | .... I-.... | 425 | 440 600
700 | 560 | 00 | ... ... Qoo ) oass | oass 700
750 | 580 | 620 [ .... ] ... ] ... | 40 | so0 150
g0 | 600 | 640 | ... |.... . ... | 485 | 520 80C
1000 | 680 | 730 | ....|....|.....] §60 | 600 1000
1500 | 185 | ... | ... ...-|....]60] ....1.... ] 1500
2000 -840 | .... | . 208} ... ] ... | 2000

OOBRECTIOH FACTOIIS
For amblent hmpommn over 30°C, mwultiply the smpacities

Ambiont | shown above hf th rroprmc correction factor to detarmine | Ambient
Temp. *C | the maximum allowable load cucrent. . Temp. °F
3140 94 95 96 P 94 95 e 871-104
41-45 90 92 94 [AEEEE BEERRE 90 92 ye. | 108-113
46-50 47 89 9 P B 0 89 vees | 114122
$1-55 31 86 .89 e 31 .B6 vee. | 123131
$6-50 79 33 .87 2 93 19 83 9k 132-141
6£-70 " 76 .82 87 o1 ¥l 76 87 142-158
T71-75 72 19 .B6 89 712 86 159-167
76-80 61 68 16 84 87 61 69 84 168-176
81-90 50 61 n .80 B3 50 61 80 177-194
91-100 51 65 1 20 5t 77 195-212
101-120 § .. 50 69 72 69 213-248
121-140 29 .59 .1 I S 59 {1 249-244
141-160 - N 54 285-320
161-180 0 .... } .o } oo ]l .50 cove | ool ] 321-256
181200 % ... | ... 43 vl vl ] el 38572392
200-228 1 .... | ... 30 coee | eeae | oo 1393437
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Table 4.4

Allowable Ampacities for Insulated Conductors
Rated 110 to 250°C, and for Bare and Covered Conductors ®
(Reproduced with permission from NFPA 70-1981, National Electrical Code -,
Copyright@ 1980, National Fire Protection Association, Inc., Quincy, MA
02269. This reprinted material is not the complete and official position of
the NFPA on the referenced subject which is represented only by the standard
in 1its entirety.)

Single Conductors in Free Air,
Based on Ambient Temperature of 30°C (86°F).

(P Tempersivre Anling of Conducior. Bee Toble 318-13. Shre

119°C | 128°C | 180°¢ | 200°C [ mare] 230°C | 110°c | 125°C [ 200°C [ ®are
€230°)|(297°F){ (302°F)| (392" ané | (402°F)[(230°F)| (257°F)| (392°F)] and
TYPES | TYPES | TYPE | TYPES| S| TYPES | TYPES | TYPES | TYPES | SO¥:
Ava, | Al AL |08 ppay | AVA | M, | A, AA | SR
awe | avi | mk g | e | Tree | avi | a1k con-|  awg
FEps, | b0 duc. )
MCM PfA | ten oz | mcw
WICKEL
oR
[MIcKEL-
COATED| ALUMINUM gR COPPER-
copPER COPPER tLAD ALUMINUM
14 40] 407 40 7 45 3] 60 |....].... T... ... ....
12 ol sof so ] ss | 40| s0 40| 40t 45 | 0] 12
10 65| 701 70§ 75| S5 110 0 55| 60 | 45 10
8 85| 90| 95 [ 100 | 70| 145 65| 10| 80 | S% 8
6 { 120 1251 130 | 135 | 100! 210 95| {00 | 105 | a0 6
4 | 160 170 175 | 180 | 130f 285 | 125 | 135 [ 140 [ 100 4
3| 180] 195) 200 | 210 | 150{ 335 | 140{ 150 | 165 | 115 3
2| 210 2251 230 | 240 | 17| 390 | 165 | 175 | 185 | 135 2
1 | 245] 265] 270 | 280 | 205 450 | 190 205 | 220 | 160 1
0 | 285 305] 310 | 325 | 2as| $45 | 220 240 | 255 | 185 0
00 | 330 355| 360 | 370 {275 605 | 255 275 | 290 | 215] 00
000 | 385| 410} 415 | 430 | 320 725 | 300 320 | 335 | 250! o000
0000 | 445| 475)] 490 | s10 | 370| 850 | 345 | 370 | 400 | 290 0000
2% | 495 S0 (....[....14lo|.... | 85| 4t5 |.... ] 320] 250
300 | S$5S| 390 (....(....|460f.... | 435) 460 |.... | 360/ 2300
350 | 610 655¢(....|....| 510 ....| 475! st0o | ....} 400 2150
400 | 665 ) 730 ) ... 4....|555|....| s20 sss |.... | 435} 400
500 | 765 815 ]....]....1630....] 595|635 ]....] 490 500
600 | 85s] owo....].... 1710l .... [ 635] 720 {.... | %60] e00
700 | 9405005 [....1....|780....} 745] 7195 [.... 1615 700
750 | 980 | 1045 | ... ....|BIOf....] 71s| 825 |.... | €40 750
800 | 1020 1085 |....|....| B4 .... ] #o5]| 855 |.... ] 670 800
900 | ....¢F....|....0....198....].... .... ....] 7125] %S00
1000 T His5 (240 ... Y. T96s] ... T 930l 9907 ).... ] 770] 1000
1500 (1450 ) ... ........ 02050 .... | n125§ ... §.... | 985 13500
2000 Janis ... ] .... 1405 1425 § .... | ....|116S| 2000

CORRECTION FACTORS
For amblent temparatures over 30'C, ®ulliply the ampacitive
Ambient shown abovs by fhe spproprizle correciion fscfor to determine Ambient

Tamp. °C| e maximum allowable losd current. Temp. *F
3140 94 95 96 |.... e .94 95 |.... B7-104
4145 | 90 | 92 94 |.... .. %0 92 ... 105-113
46-50 | 87 .89 o1 ].... RPN I .89 114-122
$1-55 } .81 86 | B9 |.... oo | B3 B6 |.... 123-131
5660 | .79 B3 87 91 95 .19 8] 9 112-141
61-10 § .71 J6 | B2 8 91 n 76 87 142-158
71-75 66 72 | .79 | .86 .89 66 72 86 159-167
76-80 61 68 a6 | 84 .87 6l 69 84 168-176
£1-90 S0 61 1 80 83 50 61 8O 177-194
91-100| . 51 65 77 .80 51 LAl 195-212

101-120] . 50 69 12 69 213.248

121-140] . 2% 39 .59 59 249-284

141160} . .54 285-320

166-180% ... [....]..ci ].... 1) I RN R 321-356

181-200] .... | .... }.... ] .... . kI SRR PR IR 357-392

208-225¢ ... f....0....].... 1N I B 363437
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Conceptual low-voltage distribution layout (1000-man base camp) .
(From Staff Study, Army Facility Component System
[416th Engineer Command, 10 July 1981].)

Figure 4.6.
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Figure 4.8. Typical high-voltage distribution layout.

(From Electric Power Generation in the
Field, FM 20-31)

Any distribution system constructed in the field will be susceptible to
corrosion of unprotected metal surfaces. In SWA, many regions contain soils
with both mineral and salt deposits that, when combined with moisture, form a
very corrosive enviromnment for electrical‘poyer equipment either on or under
the ground. In dry and sandy areas, this corrosion is a problem wherever Army
operations introduce water to the soil (i.e., latrines, water purification
unit (WPU) discharge, mess kitchens, digpensary, etc.). In coastal regions
where local water tables are relatively high, the soil and sand are usually
moist enough to produce severe corrosion problems for exposed electric distri-
bution equipment. Many SWA coastal regions also have prevalling sea breezes
carrying salty mists that can cause high rates of damaging corrosion. For
example, at several locations in the Persian Gulf, painted chain link fencing
has corroded so much that it is falling off its posts. The fences had been
built less than a year earlier.

To counter these adverse effects‘of high temperatures and corrosive
golls, personnel must strictly comply with distribution equipment derating
criteria, and the entire distribution systems must be inspected frequently.

If personnel are not aware of the effects of corrosion and high temperature,
and do not maintain distribution systems regularly, Army disetribution of elec-
tric power ia SWA will be less reliable and less safe. General maintenance of
UGD/0GD consists primarily of continuous inspection of cable connections, dis-
‘tribution equipment, and equipment housings for signs of overheating and cor~-
rosion; then hot spots are removed and corroded areas cleaned, tightened, and
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Table 4.5

Electric Power Requirements

(From Staff Study, Army Facility Component System
[416th Engineer Command, 10 July 1981])

Facility/Function Number Unit Load (kW) Total Load (kW)
Bath House 3 0.5 1.5

Camp Exchange 1 0.65 0.65
Training/Work Area 2 1.9 3.8
Dispensary 1 47.9 47.9
Guard House 1 0.5 0.5

HQ & Unit Supply-Co. 5 0.36 1.8

. HQ & Unit Supply-Bn. 1 0.36 1.8

Kitchen (Limited Facility) 2 13.5 27.0
Dining Facility 4 .95 3.8
Maintenance Shop 1 2.1 2.1
Store House 1 0.6 0.6
Water Plant 1 4.0 4.0 {est)

Total: 95.65 kW

protected. Where splices are made in distribution cables, the connectors
should be coated with an electrical grade anti-oxidant grease, then
tape-wrapped to enclose the grease and connector. Where possible, UGD splices
should be made in aboveground junction boxes or pedestals. These aboveground
connection housings should be constructed of non-metallic materials, 1f avail-
able. In dry dusty areas, aboveground connections to distribution panels,
pedestals, and junction boxes should not be grease-treated (unless aluminum to
copper contact is made), but should be cleaned regularly with solvent to
remove dust or sand, then tightened. In moist coastal regions, all exposed
connections should be treated with anti-~oxidant grease aand protected from soil
contact. Corrosion-resistant paint can also be used to protect nonelectric
parts of distribution equipment from the environment. Light-colored or even
reflective white paints can be applied to equipment housings to help reduce
overheating problems.

Whon exposed to SWA intense sunlight, cables with less than 1%49F (90°C)

insulation rating, or any cable carrying curreat above rated load, may experi-
ence plastic flow of conductor insulation due to molecular relaxation at high
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Table 4.6
Proposed Schedule of Facilities

(From Value Engineering Study, AFCS
[416th Engineer Command, 25 March 1981])

No. Facility Quantity Total Sq Ft
Tl Troop Housing Enlisted 920 Man
T2 Troop Housing Officer 80 Man
Buildings
1 Bathhouse -- 80 Officer 1 400
2 Bathhouse =- 500 Man 2 2000
3 Camp Exchange 1 2000
4 Day Room 2z 4800
5 Dispensary -- Troop 1 1600
6 Guard House 1 1200
7 HQ & Unit Supply -- Co 5 4000
8 HQ & Unit Supply == Bn 1 2000
9 Kitchen & Messhall 400 Men 2 15,000
10 Kitchen & Messhall 70-Officer 1 1600
11 Latrine, Composite 6 1200
12 Shop -- Motor Repair 1 2400
13 Storehouse 1 2000
14 Fire Protection -- Water 2 (20,000 gal)
15 Water Supply -- Potable - (10,000 gal)
16 Generator/Bldg (3~100/kW 3 0 120/208) - 300 kW

temperatures. This condition allows the contours of the enclosed wire strand-
-ing to become visible. Where actual thinning of the insulation accompanies
this relaxation, damaging short-circuiting may occur. To minimize this prob-
lem, first insure that the highest-rated cable is made available (usually
1949F [90°C]). The cable should be protected from direct sunlight in storage,
and extreme care should be used when handling the cable in hot temperatures.
Where this plastic flow of insulation 1s observed, experienced distribution
specialists should inspect the damage and perform cable tests as necessary.
(TM 5-684 outlines typical UGD cable testing procedures.) If test
equipment/personnel are nmot available, replace the damaged cable section.

Desert rodents have disrupted UGD/OGD systems by gnawing through insula-
tion. Extended OGD trunk lines are particularly susceptible to thie problem;
however, rodent damage may occur even within the base camp. Where rodent
attacks on OGD/UGD systems have been noted, common practice should include
burial of poison (such as zinec phosphide) in the trenches as the cable is
laid. Various traps and polsoned bait can be used for OGD. Most important,
however, 1s an awareness of-the potential problem. Indications are that human
sweat on the cables attracts the rodents. The use of gloves in laying the
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cable, and regular inspection of OGD for signs of rodent attack will help
eliminate this problem.

A major assumption often included in SWA scenarios —— and in this chapter
== 18 that host nation electric power will not be available for, or is not
compatible with, base camp power demands. However, many countries in SWA do
have limited electric power distribution networks that would be useful when
troops start to build the base camp. If host nation power is available, its
ugse should be planned to supplement existing base camp generation capability;
this would vastly reduce fuel consumption. The base camp must, however, main-
tain its own internal generation/distribution system in case host nation power
18 cut off. Most power grids in SWA uge power generated at 50 Hz, 1 or 3 ¢,
which can be used in many cases to power electric lights and heating elements.
However, only equipment specifically designated as compatible with 50-Hz power
should be so comnected. Most Army equipment/utilities are designed for 60 Hz,
and operating them at 50 Hz will cause permanent damage. Table 4.7 lists
electric power characteristics available in various SWA countries. Thie table
indicates the diversity of electric power within SWA. It should be noted that
the quality of this host nation power 1s generally very poor; frequency sta-
bility and voltage regulation are substandard, and high-level voltage tran-
sients are possible. Appropriate power conditioner to convert and regulate
host nation commercial power for Army uses 1s not available now.

4.4 Grounding

In any electric power generation/distribution system, appropriate elec-
trical gfounding of equipment such as generator sets, transformers, junction
boxes, and bus bars is generally very important to insure both safe and reli-
able operation of the system. Traditional Army guidance requires 25 ohm
resistance to ground, or less, at all normally grounded locations. However,
the nature of the soils in many SWA locations will not permit this level of
assured grounding with traditional ground rods or expedient techniques. In
especially dry, rocky, or sandy regions, 25 ohm or less groundings to earth
can only be obtained using more involved and equipment-intensive methods that
may not be available to base camp engineers. Therefore, this chapter outlines
grounding methods that are available to field engineers, and that will provide
“adequate by expediency” grounding levels consistent with both time phasing of
base camp construction and the distribution system used.

The basic objectives of grounding are:

1. To minimize damage and service interruptions due tc all possible
electrical faults, including lightning discharge.

2. To reduce overvoltages and resultant insulation damage due t5 both
normal operation (switching surges, static buildup) and abnormal
operation (lighting, faults)}:

3. To minimize injuries to persons near electrical equipment by provid-
ing a low resistance path to the earth.

4. To minimize noise in communication and control circuits by establish~
ing a solid electrical reference.
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Table 457

Electric Current Abroad — Characteristics

Frequency’
Stability-
Stable
Type and Enough for
Frequency Number Nominal Number Electric
Country and City of Current of Phasess Voltage of Wires Clocks
Afghanistan
Charikar a.c.60 1,3 220/380 2,4 Yes
Farah a.c.50 1,3 220/380 2,4 Yes
Ghazni a.c.50 1,3 .220/380 2,4 Yes
Gulbahar a.c.50 1,3 220/380 2,4 Yes
Herat a.c.50 1,3 220/380 2,4 Yes
Jalalabad a.c.50 1,3 220/380 2,4 Yes
Kabul a.c.50 1,3 220/380 2,4 Yes
Kandahar a.c.50 1,3 220/380 2,4 Yes
Kunduz a.c.50 1,3 220/380 2,4 Yes
Maimana a.c.50 1,3 220/380 2,4 Yes
Mazar-1-Sharif a.c.50 1,3 220/380 2,4 Yes
Paghman a.c.50 1,3 220/380 2,4 Yes
Pul-i-Khumri a.c.50 1,3 220/380 2,4 Yes
Egypt
Alexandria a.c.50 1 110 2 No
Asyut . a.c.50 1,3 220/380 2,3,4 No
Aswan a.c.50 1,3 220/380 2,3,4 No
Benha a.c.50 1,3 220/380 2,3,4
Beni Suef a.c.50 1,3 220/380 2,3,4 No
Cairo a.c.50 1,3 220/380 2,3,4 No
Damanhur a.c.50 1,3 220/380 2,3,4 No
Damietta a.c.50 1,3 220/380 2,3,4 No
Heliopolis a.c.50 1 110 2 No
1,3 220/380 2,3,4 No
Helwan a.c.50 1,3 220/380 2,3,4 No
Ismaila a.c.50 1,3 220/380 2,3,4 No
Kafr el Zaiyat a.c.50 1,3 220/380 2,3,4 No
Kena a.c.50 1,3 220/380 2,3,4 No
Luxor a.c.50 1,3 220/380 2,3,4 No
El Maadi a.c.50 1,3 220/380 2,3,4 No
El Mansura a.c.50 1,3 220/380 2,3,4 No
El Mahalla a.c.50 1,3 220/380 2,3,4 No
Minia a.¢.50 1,3 220/380 2,3,4 No
Port Fouad a.c.50 1,3 220/380 2,3,4 No
Port Said a.c.50 1,3 220/380 2,3,4 No
Port Tewik a.c.50 1,3 220/380 2,3,4 No
Sohag a.c.50 1,3 220/380 2,3,4 No
Suez a.c.50 1,3 220/380 2,3,4 No
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Table 4.7 (Cont'd)

Frequency
Stability~
Stable
Type and Enough for
Frequency Number Nominal Number Electric
Country and City of Current of Phases Voltage of Wires Clocks
Tanta a.c.50 1,3 220/380 2,3,4 No
Zagazig a.c.50 1,3 220/380 2,3,4 No
Iran
Abadan a.c.50 1,3 220/380 2,3,4 Yes
Ahvaz a.c.50 1,3 220/380 2,3,4 Yes
Behshahr a.c.50 1,3 220/380 2,3,4 Yes
Ghazvin a.c.50 1,3 220/380 2,3,4 Yes
Hamadan a.c.50 1,3 220/380 2,3,4 Yes
Isfahan a.c.50 1,3 220/380 2,3,4 Yes
Karaj a.c.50 1,3 220/380 2,3,4 Yes
Kashan a.c.50 1,3 220/380 2,3,4 Yes
Kerman a.c.50 1,3 220/380 2,3,4 yes
Kermanshah a.c.50 1,3 220/380 2,3,4 Yes
Khorramshahr a.c.50 1,3 220/380 2,3,4 Yes
Mas jed Soleyman a.c.50 1,3 220/380 2,3,4 Yes
Meshed a.c.50 1,3 220/380 2,3,4 Yes
Pahlevi a.c.50 1,3 220/380 2,3,4 Yes
Qom a.c.50 1,3 220/380 2,3,4 Yes
Resht a.c.50 1,3 220/380 2,3,4 Yes
Rezaiyeh a.c.50 1,3 220/380 2,3,4 Yes
Shiraz a.c.50 1,3 220/380 2,3,4 Yes
Tabriz a.c.50 1,3 220/380 2,34 Yes
Tehran a.c.50 1,3 220/380 2,3,4 Yes
Yazd a.c.50 1,3 220/380 2,3,4 Yes
Iraq1
Baghdad a.c.50 1,3 220/380 2.4 Yes
Basra a.c.50 1,3 220/380 2,4 Yes
Kirkuk a.c.50 1,3 220/380 2,4 Yes
Mosul a.c.50 1,3 220/380 2,4 Yes
Israell,2,3
Beer Sheba a.c.50 1,3 230/400 2,4 Yes
Haifa a.c.50 1,3 230/400 2,4 Yes
Holon a.c.50 1,3 230/400 2,4 Yes
Natanya a.c.50 1,3 230/400 2,4 Yes
Petah Tigqva a.c.50 1,3 230/400 2,4 Yes
Ramat-Gan a.c.50 1,3 230/400 2,4 Yes
Rehovot a.c.50 1,3 230/400 2,4 Yes
Tel Aviv a.c.50 1,3 230/400 2,4 Yes
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Table 4.7 (Cont'd)

Type and
Frequency Number Nominal
Country and City of Current of Phases Voltage
Jerusalem 8.c.50 1,3 220/380
Jordan4»>
Amman a.c.50 1,3 220/380
Irbid a.c.50 1,3 220/380
Nablus a.c.50 1,3 220/380
Zerqa a.c.50 1,3 220/380
Kuwait
Kuwait a.c.50 1,3 240/415
Lebanon®
Aley a.c.50 1,3 110/190
Beirut a.c.50 1,3 110/190
Bhamdoun a.c.50 1,3 110/190
Brummana a.c.50 1,3 110/190
Chtaure a.c.50 1,3 110/190
Dhour el Choueir a.c.50 1,3 110/190
Sidon a.c.50 1,3 110/190
Sofar a.c.50 1,3 110/190
110/190
Tripoli a.c.50 1,3 220/380
Tyre a.c.50 1,3 110/190
Zahleh a.c.50 1,3 220/380
Libya7o8
Al Aziziyah a.c.50 1,3 127/220
Barce a.c.50 1,3 230.400
Ben Gashir a.c.50 1,3 127/220
Benghazi a.c.50 1,3 230/400
Derna a.c.50 1,3 230/400
El Baida a.c.50 1,3 230
‘Homs a.c.50 1,3 127/220
Misurata a.c.50 1,3 127/220
Sebha a.c.50 1 230
Tagiura a.c.50 1,3 127/220
Tobruk a.c.50 1,3 '230/400
Ttipoli a.c.50 1.3 127/220
Zavia a-c-50 1,3 127/220
Oman
Muscat a.c.50 1,3 220/440
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Table 4.7 (Cont'd)

Frequency
Stability-
Stable
Type and Enough for
Frequency Number Nominal Number Electric
Country and City of Current of Phases Voltage of Wires Clocks
Pakistan?
Abbotabad a.c.50 1,3 230/400 2,3,4 No
Bahawalpur a.c.50 1,3 230/400 2,3,4 No
Hyderabad a.c.50 1,3 230/380 2,3,4 No
Islamabad a.c.50 1,3 230/400 2,3,4 No
Karachi a.c.50 1,3 220/380 2,3,4 No
Lahore a.c.50 1,3 230/400 2,3,4 No
Lyallpur a.c.50 1,3 230/400 2,3,4 No
Montgomery a.c.50 1,3 230/400 2,3,4 No
Multan a.c.50 1,3 230/400 2,3,4 No
Murree a.c.50 1,3 230/400 2,3,4 No
Peshawar a.c.50 1,3 230/400 2,3,4 No
Quetta a.c.50 1,3 230/400 2,3,4 No
Rawalpindi a.c.50 1,3 230/400 2,3,4 No
Saudi Arabial0,l1l
Al Khobar a.c.60 1,3 127/220 2,4 Yes
Buraydah a.c.50 1,3 220/380 2,4 No
Dammam a.c.60 1,3 127/220 2,4 Yes
Hofuf a.c.50 1,3 230/400 2,4 Yes
Jiddah a.c.60 1,3 127/220 2,3,4 Yes
Mecca a.c.50 1,3 230/400 2,4 Yes
Medina a.c.60 1,3 127/220 2,4 Yes
Riyadh a.c.60 1,3 127/220 2,4 Yes
Taif a.c.50 1,3 230/400 2.4 Yes
Sudanl?
Atbara a.c,.50 1,3 240/415 2,4 Yes
Ed Daner a.c.50 1,3 240/415 2,4 Yes
Ed Dueim a.c.50 1,3 240/415 2,4 Yes
El Obeid a.c.50 1,3 240/415 2,4 Yes
Hassa Heissa a.c.50 1,3 240/415 2,4 Yes
Juba a.c.50 1,3 240/415 2,4 Yes
Kassala a.c.50 1,3 240/415 2,4 Yes
Khar toum a.c.50 1,3 240/415 2,4 Yes
Khartoum N a.c.50 1,3 240/415 2,4 Yes
Kosti a.c.50 1,3 240/415 2,4 Yes
Malakal a.c.50 1,3 240/415 2,4 Yes
Omdurman a.c.50 1,3 240/415 2,4 Yes
Port Sudan a.c.50 1,3 240/415 2,4 Yes
Sennar a.c.50 1,3 240/415 2,4 Yes
Shendi a.c.50 1,3 240/415 2,4 Yes
Wadi Halfa a.c.50 1,3 240/415 2,4 Yes
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Table 4.7 (Cont'd)

Frequency
Stability-
Stable
Type and Enough for
Frequency Number Nominal Number Electric
Country and City of Current of Phases Voltage of Wires Clocks
Wau a.c.50 1 240 2 Yes
Syria
Aleppo a.c.50 1,3 115/200 2,3,4 No
115/200
Damascus a.c.50 1,3 220/380 2,3,4 No
Dayr-Al-Zawr a.c.50 1,3 115/200 2,3,4 No
Hama a.c.50 1,3 115/200 2,3,4 No
Homs a.c.50 1,3 115/200 2,3,4 No
Latakia a.c.50 1,3 115/200 2,3,4 No
Turkeyl3
Adana a.c.50 1,3 220/380 2,3,4 Yes
Adapazari a.c.50 1,3 220/380 2,3,4 Yes
Afyon a.c.50 1,3 220/380 2,3,4 Yes
Ankara a.c.50 1,3 220/380 2,3,4 Yes
Balikesir a.c.50 1,3 220/380 2,3,4 Yes
Bursa a.c.50 1,3 220/380 2,3,4 Yes
Eskisehir a.c.50 1,3 220/380 2,3,4 Yes
Gaziantep a.c.50 1,3 220/380 2,3,4 yes
Istanbul a.c.50 1,3 220/380 2,3,4 Yes
Izoir a.c.50 1,3 220/380 2,3,4 Yes
Izmit a.c.50 1,3 220/380 2,3,4 Yes
Kayseri a.c.50 1,3 220/380 2,3,4 Yes
Konya a.c.50 1,3 220/380 2,3,4 Yes
Malatya a.c.50 1,3 220/380 2,3,4 Yes
Manisa a.c.50 1,3 220/380 2,3,4 fes
Mersin a.c.50 1,3 220/380 2,3,4 fes
Samsun a.c.50 1,3 220/380 2,3,4 Yes
Sivas a.c.50 1,3 220/380 2,3,4 Yes
Trabzon a.c.50 1,3 220/380 2,3,4 Yes
Zonguldak a.c.50 1,3 220/380 2,3,4 Yes
Yemen
(Arab Rep.)
Hoeida a.c.50 1,3 220 2,3 No
Sana a.c.50 1,3 220 2,3 No
Taiz a.c.50 1,3 220 2m3 No
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Table 4.7 (Cont'd)

Notes

A grounding conductor 1s required in the electrical cord attached to appli-
ances.

A grounding conductor 1s required in the electrical cord attached to appli-
ances.

The neutral wire of the secondary distribution system ia grounded.

The neutral wire of the secondary distribution system is grounded.

A grounding conductor is required in the electrical cord attached to appli-
ances.

The neutral wire of the secondary distribution system is grounded.

Electric current is now continuous in most of the cities and large towns.
The neutral wire of the secondary distribution system i{s grounded except

in the case of Sebha. ) _

The neutral wire of the secondary distribution system is grounded.
Grounding conductors are not required and many houses are not wired for a
separate ground.

Power supply being standardized at 60 Hz, 127/200 v.

A grounding conductor is required in the electrical cord attached to appli-
ances.

The neutral wire of the secondary distribution system is grouanded.
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The key words in these objectives are "minimize” and "reduce.” It 1s not
possible to produce a system in which each of these quantities of risk and
performance degradation 18 reduced to gero. Nevertheless, the-objectives must
be satisfied by any grounding technique known to be good engineering practice.

Levels of adequate grounding have been identified for Army base camp
operations, where personnel expertise, materials, time, and special equipment
may be limited or not available:

1. Low-voltage distribution system (i.e., generation at 600 V or less)
deployed only for a short period of time (approximately O to 4 weeks)
(LVST).

2. Low-voltage distribution system constructed for on-line use over
longer periods of time (4 weeks to 2 years) (LVLT).

3. High- and medium-voltage distribution systems (i.e., generation at
greater than 600 V) deployed for short-term operation (HVST).

4, High- and medium¥voltage distribution constructed for on-linme, long-
term operation (HVLT).

The recommended grounding techniques to be used within each of these lev-
els are discussed below. They apply to base camps constructed in arid, sandy,
or rocky areas where local water tables are very low, and to scenarios where
ample water supplies are not readily available. In coastal regions and other
locations where water tables are high and soils are relatively moist, tradi-
tional grounding methods normally provide excellent grounding, because of the
high mineral and salt content of most SWA soils. In these regions, corrosion
of ground connections is a significant maintenance problem because corroded
terminals/connections develop their own high resistance. This corrosion can
be reduced by frequent, regular inspection, maintenance, and treatment of
ground connections, as described earlier.

LVST: the generators should be grounded with a standard driven ground
rod. Where rods cannot be driven, they should be laid horizontally in a
trench about 18 in. (460 mm) deep and covered with soil (mot rocks). The dis-
tribution system's neutral wire must be connected through the generator to
this ground. As long as this three-phase system has a grounded neutral,
further deliberate grounding at other locations is not required.

LVLT: this situation is probably most typical for small base camp opera-
tion. The generators should be placed on an electrically gridded platform
(either concrete or sandbags) that is tied to a standard ground rod driven a
few feet away from the platform. A gridded platform is shown in Figure 4.9.
The platform must be large enough to permit the generator operator to stand on
it while attending the generator. The generator and the distribution system
neutral wire must also be connected to this ground grid and ground rod. Other
distribution equipment {(e.g., transformers, junction boxes, pedestals, distri-
bution panels) must also be locally grounded by standard ground rods. As
water availability permits, the generator and other local ground rods should
be treated with salt solutions poured directly on and around the rod to
saturate the soil. This treatment should be repeated as necessary to keep
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moist the soil in contact with the rod. Normally, 3 1lb of salt per gallon of
water (0.36 kg/L) gives a good saturated solution for this application.

HVST: use of high or medium voltages in base camp operations may be
necessary when:

l. The base camp receives electrical power from large Army electric dis-
tribution complexes.

2. Host nation power is used

3. Transformers are used to extend ele;tric-service within the base
camp.

Along with traditional grounding of generators, transformers, and junc-
tion boxes -for short-term use, it is .essential to have grounded neutral dis-
tribution, using the standard driven ground rod of trench buried rod in rocky
areas. In addition to-'this initial grounding, a dedicated ground wire must be
run from the generator grounding rod to all grounded locations on the base.
This extra wire, or cable, may be 1laid in existing OGD/UGD raceways or in
separate trenching, or can be formed using the concentric neutral of 3 ¢ &
wire cables. It provides 8 common ground plane that is normally provided by
the soils. This grounding wire ie neceassary to provide adequate safety for
personnel operating electrical equipaent.

HVLT: for system reliability and personnel safety, this longer-teram
scenario requires that the HVST grounding system described above be augmented

with:
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1. Gridded ground planes for generators and surface-mounted transformers
(see Figure 4.8).

2. Direct contact of the grounding system with & known permanent water
source, such a8 the local water table.

It is anticipated that some form of water well will be present in base
camps where-HVLT applies. 1In this case, the grounding plane/dedicated ground
wires should be connected to the metal well casing, or, a separate copper con-
ductor can be lowered into.the well to make contact with the water., If a
water well 18 not available, other drilling operations will be necessary to
establish positive electric contact with the local water table. Also of prime
importance in this grounding system is the continuous and frequent inspection
of grounding connections and dedicated ground wires for electrical continuity
and low resistance of connections. Cleaning of corrosion from, and protection
of, these connections 18 critical in maintaining good system reliability and
safety.

The preceding outline of "adequate” grqunding levels was developed based
on assumptions of construction in very dry, sandy, and rocky terrain. Person—
nel standing on such soils form a relatively high-resistance electrical path
to ground, as do driven ground rods. In low-voltage systems, then, even a
direct short to ground through a soldier will not be a significant health
hazard, though an unpleasant electrical shock could be sensed. In high- and
medium-voltage systems, however, this type of short through personnel could
produce fatal electrocution. Therefore, a dedicated ground wire should be
used for high-voltage.systems. In effect, this extra wire serves the same
purpose as the soil in normal moist enviromments. It insures that faulting
currents are driven back to the generator, thus tripping appropriate circuit
protection devices. Concentric neutral cables used in UGD or OGD can be used
to provide this dedicated ground wire.

The following discussion outlines site selection factors that should be
‘considered before emplacement of the generation/distribution system to improve
the system's grounding effectiveness. - As noted earlier, arid and sandy areas
of SWA with low water tables allow no:ideal solutions for grounding electric
distribution systems with traditionally available Army grounding equipment.
However, other regions in SWA may provide at least reasonable opportunities
for good electrical grounding when sites are selected carefully.

Existing water sources such as oases, river beds, or underground streams
often indicate that local water tables are high enough to. be contacted with
driven ground rods. Deep wells can be used as described earlier to easily tie
the entire grounding system to earth potential using dedicated grounding
cables/grids. These water gsources can also be used to dampen the geil around
local ground rods.

If a base camp is developed in an area that is already built uyp, then
electrical contact with existing water piping systems can provide excellent
ground conditions. The reBar in reinforced concrete can also be used like
horizontal ground rods.. Another good location for grounding would be in=-place
metal sewage systems. FPinally, existing metal fencing can be used to con-
struct electrical grids for TG and transformer platforms.
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In base camp locations where such structures or water sources are not
available, distribution grounding can be lmproved by driving ground rode near
or into operational waste water dumps or sinks. For instance, mess halls and
latrines may use septic tanks or cesspools. Sewage liquids are normally very
conductive. Site selection should provide enhanced grounding at least for
TGs. However, care should be exercised to insure that this ground connection
does not endanger personnel should a fault occur. Figure 4,10 shows grounding
using wastewater drainage. The drain pipe must not be constructed with metal
materials. Plastic or PVC I8 recommended 1if the sewage drain is used for
grounding. This will prevent the possible injection of current into the water
source (i.e., latrine or mess hall).

Two expedient techniques for local grounding are particularly applicable
to the small, isolated TG in field applications. The first can be easily used
in deep, loose, dry sand where a "quick-fix" ground is needed. Figure 4.1l
shows how an 8-ft (2.4-m) section of galvanized steel or copper clad plpe can

Lotrine /
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Figure 4.10. Grounding using sewage drain.
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Figure 4.11. Expedient grounding pipe.
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be modified to aid {mmediate iantroduction of salt solution to the rod/sand
faterface. After being driven into the ground, the perforated pipe is filled
through a funnel with a solution of 15 1b salt/5 gal (6.8 kg/18.9 L) water.
The salt solution percolates into the sand and provides a conductive soil for
current flow. This ground remains effective until the solution either eva-
porates or drains away from the rod, usually in several hours or a few days.
This procetdure tends to corrode the pipe very quickly, however, so additional
pipe will be needed occasionally. - Also, the grounding clamp/wire connection
must be kept clean and corrosion-free for good results.

The second technique, which is most useful in rocky terrain where rods
are difficult to drive, has been loosely called a "counterpoise.” Bare copper
wire 1s laid in a horizontal trench and is covered with soil and salt solution
treatment, if available. More wire in the trench, usually 1-1/2 ft (0.5 m)
deep, provides a better ground. A “counterpoise” of this type is shown in
Figure 4.12. With this technique, too, the wire becomes unrecoverable after
several salt solution treatments. Note, however, that some field users have
used this type of ground successfully without salt solution treatment.

Another expedient grounding method that may be applicable is direct ground
connection ta field urinal tubes driven into the soil. This technique 1is
reconmended only for short-term use.

Though this chapter has outlined levels of grounding that are acceptable
in an expedient sense, it is nevertheless emphasized that grounding protection
of less than 25 ohms resistance to earth ig desirable and should be a goal of
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(side view)

TRENCH (FILLED)

WIRE

Figure 4.12. Expedient grounding trench.
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the electric aistribution engineer -- even in SWA base camps. To determine
the grounding status of base camp grounded locations, it 1s recommended that
on-site capability be provided for ground resistance testing. Testing pro-
cedures and appropriate test equipment are discussed in TM 5-765. Although
grounding resistance of less than 25 ohms will not be possible in some dry,
sandy areas of SWA, the traditional techniques of deeper ground rods, rods in
parallel, and rods treated with salt solution will significantly decrease the
high local resistance, and will improve electrical system reliability and
gafety.
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CRAPTER 5 - EXPEDIENT WATER CONSERVATION TECINIQUES

5.1 Iantroduction

The objective of this chapter 18 to identify practical and expedient
water conservation measures that can help reduce the logistics burden of water
supply in SWA. The selection of techniques and new equipment has been limited
to those that would not overburden the military logistics system and would be
consistent with the training and gkill levels of those who would employ them
under tactical conditions. 1In fact, selections reflect realistic, low-cost
measures that can be readily implemented.

To accomplish this work, the water—consuming activities of a representa-
tive military force that might be deployed to SWA were examined. Then a
detailed analysis was made of each activity to identify opportunities to:

l. Control excessive water usage

2. Minimize water loss through evaboration, spillage and contamination

3. Reuse water by internal recycling or elsewhere by some other activity

4. Substitute water of lesser quality where it has been customary to use

fresh water.

5.2 Environmental Setting

5.2.1 (General

The desert conditions fourd throughout SWA present a variety of problems
for a military force operating there. For the U.S. Army deployed in desert
warfare operations, major concerns will be the general shortage of water and
ever-pregsent dust. To provide some inaight into the conditions that will be
faced, especially those related to water availability, it is appropriate to
understand the military implications of water in the desert environment.

Limited amounts of precipitation and rapid evaporation are characteristic
of desert areas. In SWA rainfall is less than 10 in. (254 mm) per year and
frequently this is in the form of violent storms. In the mountains and hilly
areas rvunoff 1s rapld and destructive, while in the flatter areas it is chan-
neled through wadis to depressions and salt flats where that which does not
percolate iato the soil quickly evaporates in the hot sun.

5.2.2 Military Implications

The single most important characteristic of desert areas 1s the lack of
water. Surface water is limited to a very few rivers and intermittent streams
that benefit from the sparse rainfall. Except for areas primarily along the
coast, subsurface water is also limited, and that which can be obtained from
wells is generally unfit to drink because of the high salt conteat and the
presence of minerals such as calcium and magnesium. Consequently, a military
force must be prepared to produce its own potable water from any available
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supplies, and to be diligent about conserving water, regardless of itg quality
and use.

The American soldier 1s not indoctrinated to use water sparingly. Conse-
quently, part of his training before deploying to SWA must include intensive
instruction on water conservation. Such training should be accompanied by
measures to make water less available. This will reduce the temptation to
return to wasteful habits. The most effective means of doing this, particu-
larly for activities in Corps rear areas and the Communications Zone, 18 to
prohibit the installation of piped water systems and waterborne sewage facili-
ties in bage development complexes.

Without & piped water system, each organization or troop complex must
have enough storage capability for at least one day's water requirements.
Some units which currently do not have storage facilities, but would need them
for operational purposes, include the field laundry and bath, aviation, and
engineer units. Any unit which uses collapsible fabric tanks must minimize
water losses due to evaporation and dust contamination by securely covering
the tanks at all times. Even careful attention to protecting potable ‘and non-
potable water supplies might not prevent contamination; therefore, the capa-
bility to treat and recover such water should be available. This suggests
retention of ERDLator equipment in the Army supply system to augment the port-
able reverse osmosis water purification unit (ROWPU).

Actual potable and nonpotable water consumption can be reduced below the
20 gal (76 L) per man per day water consumption planning factor for arid
environments by diligent application of the conservation measures preseanted in
this chapter. Conservation must begin with the individual soldier; he must be
made aware of the need to save water and must be taught about the many oppor-
tunities to reuse wastewater for some other purpose. He must be assisted in
this effort by everyone up the chain of command. There is no substitute for
command emphasis on water conservation.

Planners can also play a major role in the conservation effort. For
example, activities which require large asmounts of potable water should be
located near water terminals and tank farms to minimize transportation
requirements and losses during handling. In addition, facilities that may use
nonpotable water should be sited near a suitable generator of wastewater --—
e.g., wastewater from laundry and shower units could be used for concrete mix-
ing, soil compaction, and dust control needed for the installation of storage
depots.

Planning should also consider installation of a pipeline for transporting
seawater or brackish water, either of which can be used for concrete, soil
cement, soll compaction, and dust control. The two latter tasks will probably
be major engineering efforts because the limited existing road networks in
many SWA countries will need to be expanded to provide adequate lines of com-
munications, and the deterioration of roads from heavy truck traffic will
demand continuous malntenance. Another significant advantage of a noapotable
water pipeline would be the convenience of large quantities of nonpotable
water for Nuclear, Blological, Chemical (NBC) decontaminating purposes, should
the need ever arise.



5.3 Near-Term Water Supply Concept for Arid Regions

5.3.1 General

This section describes the near-term operational concept for managing
water resources In an arid environment. 1In addition, it includes background
information about the varlous types of water resources of such areas and the
uses that can be made of each.

5.3.2 Water Supply Concept

Within the Army, responsibilities in water resource management are shared
by engineer, combat service support, and medical organizations. The engineers
locate water supplies, drill wells, and install pipelines; combat service sup-
port units operate water purification equipment, pipelines, and waste distri~-
bution facilities; medical organizations insure that the quality of water 1is
adequate for its intended purpose.

Water supply support of a force in an arid region 1s to be developed in
three phases:

1. The deployment phase is the entry of combat units into a combat zone.
Potable water (enough for immediate survival purposes) is to be carried in
individual canteens, 5-gal {19-L) cans, and other authorized equipment. Re-
supply will be by tactical aircraft with delivery in 500- and 50-gal (1890~
and 190-L) fabric drums or air-dropped in expendable 6-gal (23-L) bags/boxes.
During this phase, potable water consumption is at the rate of 7.2 gal
(27.3 L) per man per day.

2. In the lodgment phase, when follow-on forces arrive in the objective
area, aerial water resupply 1s gradually replaced as an in-country water sup-
ply system 1is established. Combat Service Support units arriving with purifi-
cation capability will start water management operations near the seashore or
other major source of water. When additional water resources are required,
Engineer elements will identify potential well sites and begin drilling.
Large-scale purification, storage, and distribution operations are then fol-
lowed, enabling combat units to replenish water supplies at supply points
using organic water trailers. During this phase, when the ashore water supply
system 1s put into operation, water consumption level increases to an austere
rate of 11.7 gal (44.3 L) per man per day.

3. The buildup phase begins once the lodgment area is firmly esta-
blished., This includes the arrival of additional support units to inmstall and
operate water pipelines/hoselines and tank farms, and to begin line haul
operations using water tanker trucks. When the water production and storage
system is fully developed, a l-day reserve supply of potable water 1s to be
maintained at brigade, division, corps, and task force levels for a total of 4
days within the area of operations. With completion of the bulldup phase,
water consumption reaches the full requirement rate of 18.9 gal (71.5 L) per
man per day. This 1s enough to satisfy the demands for drinking, maintaining
proper sctandards of hyglene, medical care, food preparation, equipment opera-
tions, and construction.
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Much of the equipment required for the above water supply system has been
developed by the U.S. Army Mobility Equipment Research and Development Com—
mand; the individual equipment items are 1llustrated in Figure 5.1.

5.4 Water Conservation Opportunities

5.4.1 General

This section discusses water—demanding activities that are expected to be
performed by a U.S. military force deployed to a hot arid region such as SWA.
For each activity, the related water requirements {(quality, quantity, and pos-
sible sources) are described and specific potential water conservation meas-
ureg are suggested.

Throughout this section, various qualities and types of water are men—
tioned. To aid the reader, the following descriptions of each are provided:

1. Potable water has been examined and treated to meet appropriate stan-
dards and declared fit for domestic consumption (food preparation) by respon~
sible authorities.*

2. Nonpotable water has not been examined, properly treated, and
approved by approporiate authorities as being safe for domestic consumption
(food preparation). All waters are considered nonpotable until declared pot-
able.*

3. Seawater obtained offshore at a location removed from a sewage out-
fall is normally relatively clean. 1t 1is very salty, and contains suspended
particles of sand and probably some bacteria. This water can be used, without
any adverse effects, for construction, housekeeping tasks, firefighting,
showering and laundering. It should not be used where continued use could
corrode critical metal surfaces. When uysed for showers, laundries, and per-~
sonal hyglene purposes, calcium hypochlorite should be added to the water to
protect against disease-causing organisms. Potable water can be produced from
seawater using the ROWPUs. :

4. Surface water and well water containing a high conéenitration of salt
is called brackish. The salt content is much less than found in seawater, but
is high enough to give the water a distinctive salty taste. Brackish water
may contain dissolved calcium, sulfur, magnesium, and iron salts which make
the water difficult to lather (forms curds), and when heated leaves hard
mineral deposits on the wetted surface of the container. Surface brackish
water may be expected to contain microorganisms, while brackish well water
should contain few or none. As with seawater, brackish water can be used for
construction, firefighting, and general housekeeping tasks. It is not gen-
erally recommended for those purposes where it 1s to be heated to near boiling
temperatures. Potable water can also be produced from it by reverse osmosis
treatment.

5. Fresh water has no apparent salty taste, but when found on the sur-
face (river, stream, oasis) it may contain suspended materials, dissolved

* TB MED 229.
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minerals, fecal matter, and bacteria and other disease—causing organisms.

When obtained from wells or an in=-country municipal water supply system it
will normally be clean in appearance with no significant odor. On the other
hand, it can dissolve mineral salts and bacteria. To make it drinkable (pot-
able), disinfection through chlorination with specified residuals of free
available chlorine (TB MED 229) 1is often the only treatment required. When it
contains significant amounts of dissolved salts of magnesium, sulfur, and
iron, drinking it may often cause an increased laxative effect. Fresh water
can be used for most cleaning and nonconsumptive purposes without purifica-
tion. To make it potable, treatment using conventional water purification
procedures (ERDLator) is normally adequate. When dissolved mineral content is
too high, it can only be purified by reverse osmosis treatment. To assume
that any one municipal water supply in the Middle East is potable (by U.S.
standards) would be a mistake. Most countries in the region do not treat
water to the standards required by the Army. Therefore such water sources
must first be examined and declared suitable for human consumption by medical
authorities, as cited above. Surface fresh water sources can also be a major
health hazard. These waters, primarily rivers, are used by nearby.inhabitants
to dispose of all forms ‘of human waste, and hence are potential 'sources of
pathogenic organisms. They also harbor a variety of other organisms which may
infect the human body simply through bodily contact with the water. .The most
dangerous is a blood fluke (spawned from a snail) which may enter the body to
cause a disabling disease known as Schistosomiasis.

The concepts and suggestions in this section are based on engineering
judgment and military-tested experience and can save water in a desert
environment. Although valid, a critical aspect in the implementation of any
suggestion presented here iIs approval by appropriate U.S. Army Medical Depart-
ment authorities at all levels of command. The Surgeon General of the Depart-
ment of the Army 1s responsible for insuring that sanitary control and sur-
velllance of field water supplies from source to consumer is accomplished and
making such recommendations as may be necessary to protect the health of the
individual soldier, and consequently the various commands.

Whenever in this report the use of water of a lesser quality than that
prescribed for potable waters —— such as for showers, laundries, and bathing
=- 1s suggested, it must be noted that the practice should only be-implemented
after the advice and approval of competent medical and engineer personnel have
been obtained.

3.4.2 Water Conservation

Much can be learned from some of the water-conserving habits of the

region’s inhabitants. The basic water comservation principles below, which
should be followed by a military force in the field, are generally observed by

desert people:

1. Make each soldier aware of his responsibility to conserve water by
avolding wasteful practices and being ever—conscious that there is some useful
purpose for wastewater or unsultable (e.g., hot) potable water.

2. Place command emphasis on water conservation and water reuse,



3. Protect potable water from all gources of contamination, including
sand and duc*.

4. Do not dispose of water of any type without coansidering &lternative
uses.

5. Prohibit water thievery from gtorage containers and pipelines, and
the indiscriminant use of expedient showers.

6. Avoid installation of centralized pressure water systems for tem-
porary facilities needed to support a military force in the field.

7. Use expedient human waste disposal techniques instead of wasteborne
sewage systems.

The potential savings in water to be realized by the application of the
specific techniques discussed in the remainder of this chapter can be signifi-
cant, as indicated in Figure 5.2. Estimates are shown for two groups of
activities: those that require only potable water and those that can use
nonpotable water if available. In each instance, the .savings are measured
against the water consumption planning factors contained in TRADOC Pamphlet
525-11.

The reduced water consumption levels shown in Figure 5.2 for each of the
major activities reflects the benefits from: (1) installation of water saving
devices and procedures (full figures), and (2) the additional savings 1if
wastewater treatment and recycling are employed (ghosted figures). The latter
savings are those assoclated with laundry and shower operations, and have been
estimated to be an 80 percent reduction. These benefits ghould be verified by
field testing treatment procedures. However, as indicated in the following
discussion of various water-consuming activities, there are many opportunities
to use the wastewater. Although the quantities of water are relatively small
and difficult to quantify, they could be significant in the aggregate.

The use of water of lesser quality 1s also regarded here to be a viable
method of conservation. Especially in SWA where the dissolved mineral content
can be quite high, any opportunity to use local water and avoid the .costly
reverse osmosis treatment process has both logistic and economic advantages.
These benefits are most apparent when it comes to water required for construc-
tion (concrete mixing, soil compaction, etc.). Untreated seawater or brackish
water 1s quite satisfactory for most theater of operations conmstruction that
{8 only intended for short-term use.

As shown in Figure 5.2, the projected minimum savings in potable water
from the application of all conservation measures discussed above is about 3.7
' gal/man/day (14.0 L/m/d), or a reduction of 26 percent from the established
consumption planning factor of 14.3 gal/man/day (54.1 L/m/d). Likewise, the
amount (4.6 gal/man/day [17.4 L/m/d]) of fresh water required for activities
that do not involve ingestion of water (lower portion of Figure 5.2) can be
reduced about 80 percent by a combination of recycle/reuse and water quality
reduction measures. If viewed from the standpoint that potable water only
would be produced and used by all activities identified in Figure 5.2, the
projected savings becomes even more significant. The overall savings in pot-
able water could amount to 7.4 gal/man/day (3.7 gal/man/day + 3.7 gal/man/day)
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(28.0 L/m/d) which is a 39 percent reduction from the unadjusted consumption
planning fa t-r of 18.9 gal/man/day (71.5 L/m/d).

5.4.3  Aetivity: Drinking Water

Hot, arid, external conditions and strenuous activity required of a
8oldier cause body temperatures to increase. The body rids itself of this
heat by the evaporation of sweat. This natural cooling system is efficlent,
and the body continues to function well if its water losses are replaced.

When they are not, dehydration takes place, and with it there is a corregpond-
ing loss in body function efficiency. If dehydration is allowed to progress,
an individual can quickly become incapacitated and then must be treated for
heat stroke. Without prompt treatment, a severe case of heat stroke could
result in death.

The normal thirst sensation is not a reliable indicator of the water
required. It will be necessary, therefore, for individuals to drink water
frequently during the hot and most active part of the day.

5.4.3.1 Water Requirements:

Quality: Water for drinking should only be obtained from authorized pot-
able sources. Although water from other sources may appear clear and drink-
able, it will probably contain chemical and/or pathogenic contaminants that
can cause a varlety of intestinal disorders. Drinking water from sources used
by local desert tribesmen should generally be avoided. Under emergency condi-
tions, this water may be used, but only after being disinfected with iodine
tablets or brought to a rolling boil for 15 seconds.

Quantity: Approximately 4 gal (15 L) of cooled potable drinking water
will be provided for each soldier per day. Those engaged in strenuous physi-
cal activities will normally require this amount of water to maintain thelr
strength during the hottest period of the day. Those who are less active will
need to drink less. Under all circumstances, every soldier needs to develop a
hadbit of drinking frequently during the day, whether he feels thirsty or not.
To encourage the individual soldier to drink increased quantities of water,
the U.S5. Army has adopted "water chiller concept.” This has resulted in the
development of a small mobile chiller which 1s expected to .be a part. of the
organic equipment for forces operating in arid regions (Figure 5.3).

Water Sources: Only water approved by Task Force Surgeon and provided
through the established supply system should be used for drinking. Units will
elither obtain their water from designated distribution points or will have it
delivered ff they do not have the transport capability. Individuals should
rely on unit Lyster bags, 5-gal (19-L) cans, or 400-gal (1510-L) water trailers
{Water Buffalo).

5.4.3.2 Water Conservation Measures:

1. Extra care must be exercised when filling canteens or 5-gal (19-L)
water cans to avoid any spillage. Unnecessary waste deprives others of water

when they come for a fill-up.



*~3daduod I9TITYD I@ieMm

300N
IVNOILVYH3d0

AN31 NOUYHLITS HIvY
ONITIO0D ONV NOLLSNBNOD

H3NIVINQD N8
ALYNHALTY HO OTTv4d4Na H3ilvm

"¢ 21n3fy

"NOLLYIOYY ¥YI0S 103410 W04
Q3AVHS 38 MNOHS SHITHH) NV
SMIANIVLNOQD HILVM TTV NOLLYHOJVAS
HONOWML SSOT YAivM FZNINIK QL

310N

300N
NOILVLYHOdSNVYL

INHOLS wodxu&/
AYYTEXY TYNOLLDO

5-10



2. Aftar filling a canteen or 5-gal (19-L) can, the cap or lid should be
gpecurely fa. lened. This will prevent spillage or contaminants from getting
into the water. In addition, water containers should be shaded to prevent
loss of chlorine and to keep them reasonably cool. '

3. Water that has become warm can be made more drinkable by blending it
with cool water from the water chiller.

4. Water in canteens or 5-gal (19-L) cans which may have become too warm
to drink, or otherwise degraded from potable quality, should not be discarded.
It should be wade available for other purposes, specifically:

= For washing and shaving.
— For vehicle radiator make=-up.

= For some activity requiring water (hand washing, maintenance 8&hop,
latrine facility, cleaning equipment, helicopters, vehicle
windshields, and photo laboratory film processing).

Water supplies should be shaded for protection against solar radiation
even though containers themselves may be insulated., Survivor blankets or wet
tarpaulins can provide effective shielding.

5.4.4 Activity: Mess Operations

Mess operations include food and beverage preparation and the cleaning of
eating and cooking utensils. In hot and arid climates these activities will
be simplified by relying primarily on processed foods rather than fresh meat,
fruit, and raw vegetables, at least through the first 6 months of a military
operation. In the Corps area and Communications Zone, except for hospital
patients, two hot meals dally will usually be provided, and the remaining meal
will be an operational ration. The hot meals will be the same rations as used
in the combat zone, but may be augmented with limited perishables (e.g.,
salads, milk), when the situation permits. The food will be prepared at unit
level in a field-type kitchen (soft frame-type shelter) and served on per-
manent plastic, compartmented trays or in individual mess kits. As soon as
the situation In rear area permits, unit kitchens will be integrated into area
kitchens, with a capacity to serve up to 800 to 1000 troops daily on a con-
tinuous basis.

In general, hospital patients will receive only the Standard B Ration,
except those requiring modified dietary rations. The modified rations will
consist of the B Hospital Ration or the B Hospital Liquid Ration. Patients
would be routinely fed individual combat rations only under exceptional cir=~
cumstances.

Following active combat operations, food service will offer three high-~
quality, hot meals each day. These meals may be a combination of T and A
Ration items, with the latter consisting of fresh and frozen meat, fresh fruit
and vegectables, and milk =— all of which require conventional cooking and

refrigeration facilities.
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The current B Ration 18 a nonperishable, bulk operational ration planned
for a 10~day menu cycle. It consists largely of dehyrated, dehydrated
compressed, or thermally processed items which allow for reasonably long
storage periode and eliminate the need for refrigeration equipment.

Messing operations will require facilities to wash individual mess gear
and cooking equipment and utensils. The use of T Rations (tray meals and
disposable mess kit liners) will keep washing to a minimum. On the other
hand, the introduction of A Rations will greatly increase need for washing
facilities and the effort involved in washing.

5.4.4.1 Water Requirements:

Quality: Water for all aspects of mess operation must be potable. Thus,
the initial supply must be potable and reserve supplies must be protected
against contamination from dust, insects, etc.

Quantity: The amount of water for mess operations varies depending on
the types of rations used == C or MRE (Meal Ready to Eat) Rations require no
water; B Rations require 0.5 gal (1.9 L)/ration/day, while A Rations could
require 1.0 gal (3.8 L)/ration/day for cooking.

The mess kit washline assembled for sanitation purposes has four 32-gal
(121-L) GI cans with immersion heaters attached for heating water. These
facilities are also used by food preparers to clean cooking utensils, pots,
and pans. The normal mess kit washline requires 80 gal (303 L)/meal of pot—-
able water.

Water Sources: Potable water for mess operations is normally obtained
from the 400-gal (1510-L) water trailer organic to each company-size unit.

5.4.4.2 Water Conservatlon Measures!

1. Mess personnel need to minimize spillage in filling cooking con-
tainers and mess kit washline GI cans.

2. Open water containers shbuld be covered to minimize evaporation and
contamination from airborne dust. Washline GI ‘cans could be fitted with ply=-
wood covers or tops cut from 55-gal (209-L) drums.

3. Mess kits or feeding trays and cooking utensils should be scraped
clean with napkins or sanitary wipes provided to each diner to minimize the

amount of food entering the washwater. Inserts for wess kits under develop-
ment by the U.S5. Army Natick Laboratories would achieve this objective even

more effectively.

4. Predip, rinse, and final rinsewater from the mess kit washline can be
saved and reused for making the soapy washwater at the head of the washline
needed for the next meal.

5. Hot predip and rinse waters remaining after a meal are a source of
_hot water for shaving or ivehicle radiator makeup water.
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6. Sudsy washwater should not automatically be discarded. It can be
filtered t:-ough cloth to remove food particles, soap and grease and used for
hand washing at latrines and vehicle maintenance facilities, general purpose
cleaning (e.g., vehicles, stoves, duckboards) or wetting the earth around any
electrical equipment that needs to be grounded (see Chapter 4).

5.4.5 Activity: Personal Hygiene

Personal hygiene involves those sanitary measures required for an indivi-
dual to keep the body clean and prevent disease. This 1s essential in main-~

taining combat effectiveness and high morale within a unit. Congtant atten-~
tion will have to be given to proper field sanitation because of the difficul~

ties in maintaining body cleanliness in a hot and dusty environment.

5.4.5.1 Water Requirement:

Quality: To maintain proper standards of personal hygiene, the soldier
1s to be provided potable water each day for a helmet bath, shaving, brushing
teeth, comfort cooling, and handwashing before eating and after- using the
latrine.

Quantity: Approximately 2.7 gal (10.2 L) of potable water is to be pro-
vided for personal hygiene each day. It 1s allocated for the following pur-
poses: dally shaving (1-1/2 qt [l.4 L}, or helmet capacity); helmet baths on
alternate days (four helmets each); comfort cooling (1/2 gt [0.5 L] over the
gsoldier's head, eight times a day); brushing teeth and handwashing (2-1/4 qt
f2.1 L]).

Water Sources: The principal sources of water for these purposes are the
unit water storage containers -~ 400-gal (1510-L) water traller, 5-gal (19-L)
cans or Lyater Bag. Water of unknown quality from other sources should not be
used; however, troops near the geacoast could use seawater for comfort cool~
ing, bathing, and shaving.

5.4.5.2 Water Conservation Measures:

1, Individuals should avoid spillage when filling thelr helmets or other
contaliners used to obtain water for shaving or bathing. When helmets are
used, some means of support is needed to prevent tipping. See FM 21-10, Field
Hyglene and Sanitation, for expedient procedures that can be used under field
conditions. o

2. Duyring cool weather, hot rinse water from the mess kit cleaning line
can be used for shaving.

3. Seawater should be used by those on the seacoast for comfort cooling,
bathing, and handwaghing.

4. No attempt should be made to recover or reuse water used for personal

hygiene. When convenient, wastewater should be digposed of in soakage pits
constriucted to provide grounding for electrical equipment.
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5. The use of waterborne sewage systems should be avoided. An exception
to this policy could be made for a cantonment or major facility located near
the coast where seawater could be readily used as the transport medium,

5.4.6 Activity: Shower Operations

Showera are necessary in any combat theater, and especially in hot arid
regions, to help maintain an acceptable level of personal hygiene and sanita-
tion among the fighting forces. This results in a decreased incidence of
disease, which translates to increased combat effectiveness. For those
engaged in strenuous activities, the availability of shower facilities can
also contribute to their general morale. The primary means of providing
showers in the field is the eight-showerhead Portable Bath Unit M1958, or the
more recently type classified nine-showerhead Bath Unit (AMH). Expedient
showers consisting of an elevated water storage tank (55-gal [209-L] drum) and
dispensing piping and valve have been commonly fabricated in the past by indi~
.vidual units when regular bath units have not been readily available.

5.4.6.1 Water Requirements:

Quality: In hot and arid climates, it is prescribed that potable water
be used in the Portable Bath Unit. However, there may be occasions when bac-
terially safe nonpotable water (e.g., river and stream water) can be used by
military units. In these instances, however, approval to use water from
rivers and similar sources without treatment ghould be obtained from the Unit
Surgeons. As an additional precaution, soldiers should be warned against
drinking nonpotable water while showering.

Quantity: Water is to be provided on the basis of a 3-minute shower,
requiring 4.5 gal (17 L) of potable water per shower. For a nine-showerhead
bath unit operating 20 hours per day, the maximum daily water requirement ig
about 16 200 gal (61 300 L) per day. However, if individual shower time is
not controlled, the 4.5 gal (17.0 L)/person will probably be exceeded.

Water Sources:

l. Potable water:

8. Primary source is the nearest base water storage terminal or water
tank farm, with delivery provided by tanker trucks of Water Transportation
Teams (GJ).

b. An alternate source, when available, i{s a municipal water system
approved for use by Corps or Task Force Surgeon.

2. Nonpotable water:

a. Surface water aources (e. B» river) that has been approved by Corps
or Task Force Surgeon.

b. Pretreated wastewater from shower unit itself.
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3. Brac"ish water and seawater: an expedient for short periods. Long-
term use 18 uot recommended due to residual salts left on the skin; these may
irritate the skin and might not provide the degree of cleanliness desired.

S.4.6.2 Water Conservation Measures:

1. Limiting water consumption:

a. Prohibit the fabrication of expedient showers when regular
controlled-time-of-use bath unit facilities are available.

b. Replace current showerhead valves on the M1958 and AMH Bath Units
with spring~loaded valves to prevent continuous flow. An alternative means 1is
to require an operator of the bath unit to manually control the flow of water
to the shower with the shower stand control valve on top of the water heater.

2. Using nonpotable surface water: bath and laundry units serving a
specified area should be near each other —- particularly when it is necessary
to pretreat nonpotable surface water for a shower and laundry. TB MED 229
provides the guidelines to be used when employing nonpotable surface waters.
The Unit Surgeon should also be consulted.

3. Using recycled shower water: shower wastewater may be reused after
proper treatment and then recycled through the bath unit. To do this, 1t will
be necessary to collect the wastewater for treatment. This involves the con-
struction of a shallow basin (4- to 6-in. [100- to 150-mm] deep and large
enough to accommodate the duckboards on which the bather stands to shower),
and the installation of a system to transfer the wastewater to collapsible
water storage tanks for treatment (Figure 5~4). Suggested equipment and pro-
cedures for pretreating shower wastewater are shown in Figure 5.5.

The quality of the treated water produced by the wastewater treatment
process essgentially meets potable water quality standards. However, its
.acceptability for showering should be tested using the Preventive Maintenance
and/or Engineer Water Quality Analysis Kits for compliance with Corps or Task
Force Surgeon procedures. In the absence of a 420 gph (0.442 L/s) diatomite
filter, or in case of a filter malfunction, it 1s possible to use chlorinated
water that has undergone clarification by coagulation and sedimentation. How-
ever, bathers gshould be warned not to drink the water during showering. The
minimum standards to be observed under these circumstances are as follows:

pH 6.5 to 7.5 (after chlorination to point of user)
Turbidity l to 5 units
Chlorination 30-minute free avallable chlorine residual of

5 mg/L at 20°C and above.

4. Using brackish and seawater shower water: brackish water and seawa-
ter which are clean in appearance and free of obnoxious odors are suitable for
showers. Continued use is not desirable because a bather will not feel as
clean as with fresh water. For best results it will be necessary to provide
saltwater soap. Brackish water and seawater are generally classified as "hard
waters"” and, therefore, require additional scap when used for showering or
laundering. However, it is better for troops to use hard brackish water or
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seawater to conserve potable water and not feel clean, than to waste potable
water for showers.

5.4.6.3 Shower Wastewater Reuse Unit (SWRU): A typical arrangement of the
SWRU installed with the standard Portable Bath Unit (NSN 4510-00-168-1963) 1is
shown in Figure 5.5. A field bath unit consists of a raw water pump, water
heater, 3-kW electrical generator, and two shower stands with four shower noz-
zles per stand. Since shower nozzles do not have control valves, the
discharge rate is a 16 gpm (1.0 L/s) continuous flow. An improved bath unit
scheduled for type classification in FYBl has the number of shower nozzles
increaseéd to nine and an individual control valve added to each nozzle. Under
optimum conditions, the maximum rate of discharge of a shower unit is the
capacity of the pumping unit, or 20 gpm (1.3 L/s). Normally, a field bath
unit 1g near a water source such as a lake or river, and the raw water is
pumped from the source through the water heater to the shower nozzles. Every
effort 18 made to locate clean water sources. Each bath unit is provided an
electrically driven raw water pump that delivers 18 to 20 gpm at 65 to 70 ft
total dynamic head (1.1 to 1.3 L/s at 19.8 to 21.3 m TDH). -

In semi-arid regions or areas where natural water sources are scarce, the
SWRU system is designed to conserve fresh water. The basic procedure 1is as
follows: 150-gal (5680-L) of potable water would be trucked or pipcd into the
1500-gal (5680-L) fresh water storage tank. The raw water pump with the bath
unit 18 used to transfer the water from the storage tank through the heater to
the showerheads. The shower astands are installed on a shallow rectangular
coated fabric tank to collect wastewater. From there it flows by gravity or
is pumped to a 1500-gal (5680-L) pillow-type storage tank. When the pillow
tank 1s filled, the wastewater is pumped to one or two open, cylindrical,
1500-gal (5680-L) treatment tanks. Before wastewater 18 pumped into the tank,
24 1b (10.9 kg) of powdered activated carbon (1920 ppm) 1is manually added to
the empty tank. Approximately 15 minutes 1s required to fill the tank and mix
the activated carbon with the wastewater. When the tank is filled, 40 ppm of
the cationic polyelectrolyte (Type I Polymer) is added and the three-way plug
valve on the pump suction 18 positioned to permit recirculation of the waste-
water in the tank for about 30 minutes. After mixing is completed, 0.5 ppm of
the“nonionic polyelectrolyte (Type II Polymer) is added and recirculation is
stopped and the coagulated wastewater ig allowed to settle for about 30
minutes.

After the 30-minute settling period, the water has been clarified and 1s
ready to be filtered. Suction hoses attached to the filter are suspended by
floats to pernit withdrawal from the upper water level in the treatment tank.
Two diatomite filters operating in parallel are used to maintain continuous
delivery of 16 gpm (1.0 L/s) to the fresh water tank. The diatomite filter
from the 420 gph (0.442 L/s) Water Purification Unit (NSN 4610-00-937-0222)
was selected because it can operate as a separate component. The filter 1is
lightweight and can be manually handled. Further, it is self-contained, with
an electrically driven filter pump and has all necessary accessories for pre-
coating and filter backwash. Body feed i1s not used because the precoat will
provide enough cake thickness for one filter cycle, or time to filter the con-
tents of one treatment tank. A Dole flow control valve 1s added to control
"filter operation at the constant rate of 8 gpm (0.5 L/s) over a variable pres-
sure range.
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A 3-kW engine-driven generator with circuit breakers and switch box would
normally be required to operate the diatomite filter pumps. However, in hot,
arid regions where ambient water temperatures are relatively high, the
requirement to operate the heater is reduced. Consequently, the filter pumps
could be operated from the 3-kW generator provided with the bath unit.

The filtered water 18 collected in the 1500-gal (5680 L) opea-top tank.
Periodically, on a predetermined schedule, a measure of calcium hypochlorite
must be added to chlorinate the stored water. The treated wastewater is
chlorinated because of the presence of bacteria or microorganisms which can
increase in numbar, especially in hot, sunny locations. Further, calcium
hypochlorination 18 effective in destroying a difficult-to-remove contaminant,
urea.

Some make-up water is required periodically to compensate for losses.
The principal losses are from evaporation and retention on the body as indivi-
duals leave the shower. However, about 98 perceat of shower wastewater in
each cycle should be collected for treatment, where the water losses are
minimal. Other losses, estimated at less than 1 percent, include those asso-
cliated with the periodic removal of sludge from the coagulation tanks and the
backwashing of the filter. In a 20-hour operating day, the total water loss
would be about 3 perceat, or 575 gal (2180 L).

The SWRU, as described above and shown in Figure 5.5, is a simple and
effective field treatment system. Many component items, such as chemicals,
hoses, and the gas-engine-powered (GED) pump are the same as in the Shower
Wastewater Treatment Kit, NS 4610-01-023-~4537 (Pollution Abatement Kit).
Additional items required include diatomite filters and a 1500-gal (5680-L)
pillow-type water storage tank. The filters are available in existing 420 gph
(0.442 L/8) ERDLator water purification units. Upon type classification of
the 600 gph (0.631 L/s) ROWPU, the 420 gph (0.442 L/s) ERDlator filter could
be made available for this set. The 1500~gal (5680-L) pillow~type tank is not
currently in the Army supply system, although it has been tested and military

specifications have been prepared. The diatomite filters are available in
~ existing 420 gph (0.442 L/s) ERDLator Water Purification Units. With the type
classification of the 600 gph (0.631 L/s) ROWPU, the 420 gph (0.442 L/s)
ERDLator filter could be made available for this purpose.

5.4.7 Activity: [Laundry Operations

Clean field clothing, socks, and underwear are needed tc¢ help maintain
proper standards of hygiene and morale among soldiers in the field. In hot,
arid climates where individuals are expected to perspire freely and become
covered with dust, clean clothing will be needed each time an individual

showers.

Clothes are laundered in the field by Laundry and Renovation Company,
General Support, using the trailer-mounted laundry unit, M-532. Mounted or
the trailer is a water heater, washer-extractor, air compressor, dryer-
tumbler, engine-generator, and water pump. Each unit has a washer capacity of
60 1b {27 kg) of clothes and uses about 140 gal (530 L) of water per load, or
280 gal (1060 L) per hour. Normal operations are 20 hours per day, 7 days per
week, A new and slightly larger model of the portable laundry is under
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development; the washer and extractor are separate units. This equipment is
not expected to be available to troop units for 2 to 3 years,

An approach to laundering which was considered here especially for imple-
mentation in the temporary phase of troop deployment in an arid region is the
use of "dry cleaning,” rather than water wash, using the troop-issued,
trailer-mounted laundry unit. Dry cleaning is a closed loop process using a
solvent other than water, which is recovered and reused through many cycles
before it must be replaced. In 1976, the U.S. Army Natick Laboratory con-
ducted studies which tested, with "encouraging” results, a commercially avail-
able dry cleaning unit for use on individual military garments and gear. This
potential for application in an arid region cannot be ignored. However, it
must be weighed and compared with the water wash alternative in each specific
case before the Army decides to use it.

5.4.7.1 Water Requirements:

Quality: Potable water is naot required for laundry operations; however,
there are certain constraints on what can be used.  Hard water not only
reduces the cleaning power of soaps, but can deposit insoluble residue on
clothing. Brackish and saltwater can corrode metal parts of laundry equip-
ment. However, both these problems can be overcome in an austere Gesert
environment. Saltwater detergents in the DOD inventory and developed pri-
marily for the Department of the Navy by the U.S. Army Natick Laboratory can
be used. Although brackish water and seawater are more corrosive, the trade-
off between immediate requirements vs. increased equipment wear and tear for a
short time probably warrant the use of these waters.

Quantity: About 280 to 300 gal (1060 to 1140 L) of water per hour are
required for each washer. When water conservation 18 not a concern, water 1is
obtained from a lake or stream and the waste washwater and rinsewater
discharged in a convenient area off-site.

5.4.7.2 Water Sources:

1. Nonpotable water:

a. Brackish water and seawaters, especlally 1f seawater detergents are
available.

b. Municipal water system.

c. Potable water which may have become contaminated with dust could
prove to be usable.

2. Potable water: Potable water from the nearest water tank farm can be
used if no other acceptable nonpotable source 1is available.

3. Recycled water:

a. Laundry rinsewater may be used without pretreatment for washwater or
used in subsequent rinse cycles.
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b. Lau: 4ry wastewater —— hot wash and rinsewater —— may be reused in a
laundry unit, but some pretreatment is required.

5.4.7.3 Water Conservation Measures:

1. Control spillage: Exercise care in making hose connections and open-
ing valves to prevent loss of water from leaks and accidental spills.

2. Water Reuse:

a. Reuse Laundry Rinsewater. Collect the rinsewater from the washer
in either a bladder tank or a collapsible fabric tank and use for subsequent
wash cycles. Wash-cycle water is not to be reused for subsequent washes, but
should be collected and used for other purposes, e.g., dust control, vehicle
washing, etc. Modification of the wastewater discharge line on the washer is
required in order to direct washwater (70 gal {265 L)) to one storage tank and
rinsewater (70 gal [265 L}) to another (see Figure 5.6).

b. Reuse Laundry Wastewater. All wastewater from a field laundry may be
reused, but pretreatment is necessary to remove oils, dirt, and other contam-—
inants from washwater (not rinsewater). Additional equipment is required for
this purpose -- three 1500-gal (5680-L) collapsible fabric tanks three 420-gph
(0.442-~L/s) diatomite filters, and hoses. The process involves flocculation
of contaminants using powdered carbon and polyelectrolytes.

3. Dry Cleaning: In the latter stages of deployment and if the tacti-
cal situation is relatively stabilized, this measure should be considered --

especially for implementation in base camp development.

5.4.7.4 Laundry Wastewater Reuse Unit (LWRU): A typical layout of the Laun-
dry Wastewater Reuse Unit (LWRU) to treat wastewater from the standard 60-1b
(27-kg) capacity, Traliler Mounted Laundry Unit, NSN 3510-00-782-5294, is shown
in Figure 5.7. In many instances, field laundries operate as a.team, with two
laundry units per team. Wastewater generated by a laundry unit is about 250 gph
(.26 L/s); two units at one location would generate about 500 gph (.53 L/s) of
wastewater., Wastewater is discharged from the drain in the bottom of the
trailer-mounted unit which can be connected by hose to 'a 500-gal "(1890-L)

pillow collection tank. If two laundry units are near one another, the drains
would be manifolded before connection to the pillow tank.

The procedure for treating laundry wastewater is like that described for
shower wagtewater with two exceptions. The 1500-gal (5680-L) treatment tanks
in the proposed Shower Wastewater Reuse Unit are replaced with 500-gal
(1890-L) capacity tanks. This reduction in size 18 possible because the quan-
tity of wastewater from two laundry units is less than from one bath unit. In
addition, only one diatomite filter is required for the laundry units. The
chemicals and dosages (ppm) are the same, as is the method of operation.

The set of equipment for the LWRU basically consists of the Pellution
Abaterant Kit (Laundry Wastewater Treatment Kit, NSN 4610-01-023-4536), and
additional components, such as a 420-gph (.44 L/s) diatomite filter, portable
generator, hose, tanks, and a variety of coanectors.
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5.4.7.5 Personnel and Training Requirements: It is estimated that two men
can assemble the SWRU for operation in about 2 hours. The LWRU would require
two men and approximately 1 hour for assembly. The LWRU requires less time
because the 500 gal (1890-L) tanks are easier to field-erect than the 1500 gal
(5680-L) tanks. One man would be required per shift to operate either the
SWRU or the LWRU. Operator level of training would be equivalent to what the
MOS 52N receives today for the operation of ERDLator water purification units.

5.4.7.6 Logistic Support: The consumable supplies used in operation of
wastewater reuse units are primarily chemicals and fuels. It is noted that
the chemical requirements for activated carbon are high because the dosages
are based on the initial charge. In batch coagulation, the activated carbon
settles to the bottom of the tank and is resuspended along with the new charge
of carbon when the tank is refilled. The carbon particles not effectively
used in the first treatment are returned to contribute to further treatment.
If beneficial, the subsequent charges of activated carbon could theoretically
be reduced. It is known that in the present batch coagulation system, the
dosage of activated carbon is 1920 ppm. In field tests using continuous flow
clarifier equipment for treating laundry and shower wastewater, effective
results were obtained using 425 ppm activated carbon dosages.

5.4.8 Activity: Hospital Operations

The hospital consumption planning factor of 1 gal/man/day (3.8 L/m/d) is
based on a projection of 65 gal/day (246 L/day) for each patient bed and 10
gal/day (38 L/day) per hospital staff member. These rather significant quan-
tities of water are based on dally baths for the medical staff and the major-
ity of patients; changes of uniforms and bedding each day; and the various
general sanitation, food preparation and housekeeping operations done each day
in support of patients and hospital staff. Although TRADOC PAMPHLET 525-~11
indicates that only potable water is to be produced for hospital use, a number
of medical support actuivities do not actually require water of this quality.

The primary factors influencing water consumption in a theater of opera-
tions are the casualty rate and the patient evacuation policy. In regard to
the latter, the sooner in-patients are evacuated from the theater for contin-
ued treatment, the lower the amount of water will be.

5.4.8.1 Water Requirements:

Quality: TRADOC PAMPHLET 525-11, "Near-Term Water Resources Management”
mandates that all waters intended for hospital use (65 gal/man/day
[246 L/m/d]) be rotable, However, since hospital operations comprise several
subactivities, some of which offer an outstanding opportunity for water con-
servation, a hard consideration of their respective demands for potable qual-
ity water 1s indeed warranted. Existing U.S. Army Medical Department docu-
ments explore these possibilities, indicating the potential for using nonpot-
able waters to achleve selected functions within the scope of field hospital
operations.”

Quantity: The 1 gal/man/day (3.8 L/m/d) value translates to 65

.gal/bed/day (246 L) potable quality. Of these, 10 gal/man/davy (38 L/m/d) are
estimated for human consumption; the remaining 55 gal/bed/day (208 L) are
intended for non-consumptive purposes (e.g. laundry, showers, cleansing of
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equipment and areas, operation of equipment such as pumps and distillers), and
could be satlsiied using nonpotable quality water. (These waters may in fact

have been treated and highly disinfected with chlorine or other suitable com-

pounds, such as Wescodyne, so that they are nonpotable, but free of any patho-
genic organisms.) In proportion, then, under austere water conditions, about

88 percent (62/72) of the water demand for hospital operations could come from
other than the "potable” quality sources.

Water Sources:

1. Potable: From the field water distribution system. Authority to use
other than potable water must be obtained from the Surgeon.

2. Nonpotable:

a. Fresh water from a municipal water system or from producing wells.
b. Brackish water and seawater low in suspended solids.

c. ROWPU brine.

5.4.8.2 VWater Conservation Measures:

l. Use ROWPU brime water especially for cleansing operations.
2. See paragraph 5.4.3.
3. See paragraph 5.4.4.
4. See paragraph 5.4.5.
5. See paragraph 5.4.9.
6. See paragraph 5.4.20.
7. See paragraph 5.4.21.
B. See paragraph 5.4.23.
9. See paragraph 5.4.21.
10. See paragraph 5.4.23.
5.4.9 Aectivity: Heat Casualty Treatment
This section 18 not intended to be a guide to the identification and
treatment of heat casualties, but rather presents field expedients suitable
for conserving and/or maintaining the quantities of water required in their
treatment. However, one must note that anticipated heat casualties will cover
a broad spectrum of severity, from mild (heat exhaustion) to severe (heat
stroke), with water being a prime factor in the degree of treatment applied.

The victim must be re-~hydrated and also cooled. Water for re-hydration must
be potable and cool, but that required for cooling may be of a lesser quality.
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5.4.9.1 Water Requirements:

Quality: Water used for re-hydration must be potable. For body cooling
purposes, consideration can be given to a lesser quality, especially if large
quantities are needed in a short time -- e.g., large influx of heat casual-~
ties. Ingestion of such waters must be avoided.

uantity: The amount of water needed to treat each casualty could range
from 5 to 10 gal (19 to 38 L), depending on the level of treatment. Present
planning factors require 1.0 gal/man/day (3.8 L/m/d) for heat treatment ==
this 1s in addition to the quantity allocated for drinking purposes (4.0
gal/man/day [15 L/m/d]). The concept is for water intended for heat treatment
to be moved only as far forward as the combat battalion level, and that it
will be distributed to the unit level in 5-gal (19-L) cans by an ambulance.

Water Sources: Potable water for heat treatment through re-hydration
will usually be obtained from the Storage capacity allocated each hospital
(i.e., 20,000 gal [76 000 L] storage) or from the 400 gal (1510 L) water
trailer organic to each company-size unit. Nonpotable water may come from a
variety of sources.

5.4.9,2 Water Conservation Measures:

The following steps apply only to the use of nonpotable waters for body
“"cooling,” thereby reducing the demand on potable sources.

l. Use ROWPU brine if the water temperature gradient is suitable and
near a water production facility.

2. 1Install a casualty treatment reservoir which permits water to be
reused for successive patlents. The suggested field expedients illustrated in
Figure 5.8 use the Small Mobile Chiller (SMC) and a 500 gal (1890 L) reservoir
to treat successive heat casualty patients (if only about four-fifths full
this will be within the capacity of the Small Mobile Chiller.

3. Rely on the high rate of evaporation in desert areas to cool heat
stroke patients. Cooled water from a Small Mobile Chiller can be sprayed on a
patient's body by fitting a spray device to the nozzle on the hose of the
Chiller. Additional cooling will result as the water evaporates naturally or
can be enhanced 1f a fan 18 available.

5.4.10 Activity: Graves Registration

Graves registration 18 carried out at several levels or echelons within a
combat zone. It involves the handling of remains, which demands the applica-
tion of good sanitation practices, especially among the Graves Registration
Personnel. Some water 1s needed for washing remains, but most 1s used for
hygiene. Handlers are required to wash and disinfect themselves frequently.

5.4.10.1 Water Requirements:

Quality: Water used for washing and preparation of remains may be of
nonpotable quality. Handlers could disinfect themselves using a previously
prepared chemical solution. Nonpotable water could be used when potable watet
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18 not available or in short supply, but authority to use it should be
obtained from the Corps or Task Force Surgeon.

Quantity: Approximately 50 gal (190 L) of water are required for each
casualty for both the processing of remains and handler hygiene.

Water Sources:

1. Potable water from the field water distribution system. Authority tc
use other than potable water should be obtained from the Task Force Surgeon.

2. Fresh water from a municipal water system or from producing wells.
3. Brackish water, seawater low in suspended solids, or ROWPU brine.

5.4.10.2 Water Conservation Measures:

1. No attempt should be made to reuée.was:ewater from graves registra-
tion activities. Whenever convenient, disposal should be {n a soakage pit
next to a facility requiring electrical grounding.

2. Nonpotable water or brine from the water treatment process z-ould be
used wherever possible and when authorized by*the Task Force Surgeon. Saline
water will require the use of saltwater soaps.

5.4.11 Activity: Construction-Concrete Mixing and Curing

The requirement for concrete during the early stages of a military opera-
tion is projected to be minimal since units and activities will rely primarilv
on Table of Organtzatlion and Equipment (TOE) structures rather than on base
development-type facilities. However, as the buildup matures, more enginecr
effort may be available for constructing temporary facilities that require
concrete footings and floors. 1In addition, concrete may be required for road
culverts, bridge abutments, headwalls, and footings for generators. Some of
the concrete will require reinforcing steel. 1In addition, proceduras Insuring
that the concrete cures properly will be needed.

Water for concrete mixtures is normally transported to the work site in
water distributors issued to construction engineer units, which also have
pumps to obtain water from available surface sources.

The requirements for concrete aggregate washing are discussed in para-
graph 5.4.13,

5.4.11.1 Water Requirements:

Quality: Concrete mixes for most military fleld applications do not

require better than nonpotable quality water. In general, satisfactory con-
crete can be mixed using natural surface water, brackish water and seawater,

or any ‘rater that is free of oil, and suspended organi: matter, especilally
sugar. Also, sewage effluent that has undergone the equivalent of secondary
‘treatment is suitable for concrete.
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Quantit;: The water-to-cement ratio varies depending on the strength of
concrete desired, quality and gradation of aggregrates available, and the type
of structure being built. However, for general-purpose concrete, a rule of
thumb for an average mix is 6 gal/sack (23 L) of regular Portland cement and
5 gal/sack (19 L) for underwater concrete, watertight structures, and mixtures
using air—entrained cements, brackish water, or seawater.

Water will also be required for cleaning mixing equipment and curing con-
crete 1f curing compounds are not available. Allowing 2 gal/sack (8 L) for
thegse purposes, approximately 40 gal (151 L) of water would be required per
cublc yard of concrete.

Water Sources:

l. Nonpotable: Wastewater from field showers and laundries is a good
gource of mix water, but it must first be treated to remove organics, oils,
and soap. The treatment processes {nvolve all or a combination of the follow-
ing: skimming to remove oils and soap, flocculation, filtration, and chemical
additives if available.

2. Surface:

a. Water from rivers, streams, and canals will probably be high in
organics, including fecal material from both humans and animals. Conse-
quently, the requirement to treat such water before use should be anticipated.
Surface water sources in the Middle East may contain the parasite which can
cause schistosomiasis. Care should be taken not to touch surface water.

b. Brackish well water or surface water with a high mineral content
{sulfate, calcium, sodium, magnesium, and some potassium) or salinity should
also be filtered if it contains oils and other organics.

c. The salt content of seawater from the Mediterranean and Arabian Gulf
18 greater than 2 percent and will reduce the strength of concrete. These
effects, however, can be compensated for by decreasing the water/cement ratio.
Suspended organic material should be filtered out before use.

d. Where the ROWPU is used, the brine resultlng can be used for concrete
mixes, but only after dilution with equal parts of fresh water to reduce the

salt concentration.

5.4.11.2 Water Conservation Measures:

Alternate Water Sources:

1. Avoid using potable water for mixing concrete. Instead, rely on
available gseawater or brackish water that is relatively free of organic
matter.

2. Reduce water/cement ratio for minimum use of water where practical.
3. Wastewater from showers and laundries may be used for concrete mix-

tures. In producing small quantities of concrete (5 cu yd [3.8 m”) or less),
a convenient method of pretreating such wastewater is the use of a simple
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expedient sand filter (Figure 5.9). (Paragraph 5.4.11.3 explains the opera-
tion of this filter.) For larger quantities, the ERDLator would be a more
efficient means of producing larger volumes of acceptable water.

4. Avoid using water for curing concrete by employing commercial curing
compounds. However, 1f none are available, wastewater-soaked burlap or sand-

bags could be an acceptable alternative.

5.4.11.3 Operating Procedure for Sand Filter:

l. Use: Produces small quantities of subpotable water for concrete
mixes, general-purpose cleaning, radiator makeup water, etc.

2. Capability: Filters up to 1000 gal (3790 L) of wastewater per day.

3. Procedure: Wastewater (messkit washline, field laundry, and shower)
1s poured by hand through the burlap filter until drum is full. Maintair
water level at top by periodically refilling drum. Adjust valve to control
quality of water desired; the smaller the discharge, the higher the quality .of.
water produced. Filtered water can be collected in 'a 1500-gal (5680-L) pillow
tank or other available container.

If the sand filter is used continuously at one location, the tc¢p 2 or 3
in. (50 to 80 mm) of sand should be removed and replaced with clean sand after
each 1000 gal (3790 L) filtered. A long-handled scoop will have to be made
for this purpose. For small projects, dispose of the filter material upon
completion of the job and reconstitute the filter at the next project site.

5.4.12 Activity: Construction - Sotl Compaction/Soil Cement

Road networks and roadbeds themselves throughout SWA have capacities thst
will be ipadequate for a military force that relies heavily on vehicle move-
ment of supplies and equipment. Consequently, a significant amount of
engineer effort is expected to be devuted to establishing and maintaining an
~ adequate line of communications.

Tasks involved will be largely earthwork and roadbed comstruction, but
can include culvert and bridge construction: 'In mountain and plateau deserts,
the soll is generally hard and rocky, making road construction in flat areas
simply a matter of rock removal and grading. In sand or dune deserts, the
problem is much greater unless the dunes themselves are avoided.

Fill areas 1n roadbeds and backfill for culverts and bridge abutments
will need to be compacted. Where there are loose granular soils, dry compac-
tion using vibratory rollers or tracked vehicles can be effective. Clay and
silty soils will require water to compact to optimum density.

In desert areas, opportunities to use soll cement surfaces appear to be
numerous =- stabilization of storage yards and depots, expedient floors for
maintenance tents and buildings. This counstruction technique not only pro-
vides a durable surface, but helps to minimize dust.
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5.4.12,1 Water Requirements:

Quality: Nonpotable fresh, salt, or brackish water 1s suitable for both
g8oll compaction and soil cement.

Quantity: Water quantities will vary widely, depending on the types of
8011 encountered. Because of the general absence of soil moisture, that
needed for compaction will have to be added. This would amount to 30 gal/cu yd
(150 L/m3) to reach a moisture content of 10 percent. On the other hand,

soll cement requires 40 to 60 gal/cu yd (200 to 300 L/m3).

5.4.12.2 Water Sources:

1. Nonpotable fresh water. Wastewater from showers, laundries, and
ROWPUs are suitable for relatively small soil compaction and soil cement pro-
Jects.

2. Surface. Rivers and canals provide suitable water for soil
compaction/cement. Also, catchments could be constructed to collect rainfall.

3. Brackish. Water from wells, despite its high mineral centent, 1is
acceptable for these applications.

4. Seawater. Satisfactory soil compaction/cement tasks can be -accom-
plished with seawater.

5.4.12,3 Water Conservation Measures:

1. Standard soil compaction tests to determine optimum density and mois-
ture should be conducted before compaction operations are started. Equipment
for this purpose 18 contained in the unit equipment issued to Construction
Engineer Battalions.

2. Wastewater of any type should be used for small compaction tasks.
Larger projects, demanding larger amounts of water, should rely on saltwater
or brackish water supplies. A separate plpeline for this purpose could prove
feasible. :

3. When vater is not avallable, or loose granular soils are encountered,
vibratory compaction techniques, which require no water, could prove satisfac-
tory. I1f an issued vibratory compactor ig not available, passes with
bulldozers, tanks, and large wheeled trucks can effectively compact most
goils.

4. Application of water to raise soil moisture to optimum levels for
compaction should be carefully regulated and closely monitored at the work-
gite., When a water distributor is used, control can be readily effected; for
fleld expedient water distributors it 1s more difficult. Suggested designs
for achieving a& more uniform distribution of water are shown in Figure 5.10.
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5.4.13  Aetivity: Construction - Aggregate Cleaning

Large sources of clean angular sand are frequently found in dune desert
areas but are not common to other types of deserts. Further, natural sources
of good sand may not be close to the intended construction site. Likewise,
well-graded gravel may not be readily available and must be produced from rock
fragments and boulder by crushing.

These ingredients of concrete should be relatively free of fines, and
less than 200 mesh, to insure good bonding with the cement. Clay and other
fines can often be removed from gravel during crushing and screening. If
fineg are difficult to remove when dry, it may be necéasary to apply a water
spray or pressure alr during the crushing and screening operation. Similarly,
excessive fines can be waghed from sand. In most instances, this can be done
by constructing a simple sluice, putting sand in it, and filling it with
water. Most of the fines can be washed away if water continuously flows into
the sluice and the sand is simultaneously agitated in the water. Such an
arrangement should be a closed system to permit the wash water to be reused
once the fines have settled out. '

5.4.13.1 Water Requirements:

Quality: Any clean water can be used for washing concrete aggregate.
Salt and brackish water are suitable despite the salt residual that will
remain once the material has been allowed to drain. Salt will decrease the
strength of concrete, and in time the concrete will deteriorate. However,
this 1s not expected to occur during the short period of time the structure is
to be used by a military force.

Quantity: The amount of water required for cleaning aggregate depends on
the condition of the sand and gravel and the amount of those materials
required. Therefore, the quantity of water cannot be readily quantified.
Under average conditions, about 500 gal per cu yd (2500 L/m3) can be used for
estimating purposes. Another useful estimate can be made according to the
capacity of the rock crusher used. A 75 ton/hr (19 kg/s) crusher requires
25,000 to 50,000 gal/hr (26 to 53 L/s) and a 225 ton/hr (57 kg/s) crusher
requires. 100,000 to 200,000 gal/hr (105 to 210 L/s).

Water Sources:

l. Relatively clean water from a surface resource is preferred.

2. Salt and brackish water is acceptable and would probably be the pri-
mary source where large quantities of aggregate and sand require cleaning.

3. Clean nonpotable water from treating shower or laundry water could be
used 1f the amount of material to be cleaned is relatively small.

5.4.13.2 Water Conservation Measures:

1. Pressure air (air compressor) should be employed where the fines are
not firmly adhered to the sand and gravel.
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2, Any washing facility established to continuously process large
amounts of sand should include a closed-loop water system. Integral to the
system should be settling ponds with enough capacity to permit fines to settle
out of the wastewater while previously clarified water is being reused. This
procedure would not be necessary i1f seawater could be obtained in generally
unrestricted amountsg.

3. Clean sand relatively free of dust and fines can be obtained in areas
where loose sand 18 found on the ground surface by erecting a fence (equiv-
alent of a snow fence) perpendicular to the prevailing wind. When the wind
blows, the fine particles will pass through the openings in the fence and the
coarser particles will collect along the fence line. Strips of camouflage
netting about 4 ft (1.2 m) wide placed end to end and supported by long barbed
wire pickets could be used as a field expedient.

5.4.14 Activity: Construction -- Dust Control/Soil Stabilization

The dry surface conditions and nearly constant wind throughout SWA keep
the alr full of dust during most of the year. Military operations — with the
continuous movement of vehicles, and landing and takeoff of helicopters —
only compound this problem. Ground visibility will be restricted, and men and
equipment will become covered with dust.

Total control of dust is not possible, but measures can be taken to
minimize its generation ~~ especially at airfields, heliports, and active
storage areas and depots. Several materials, including water, can be used.
However, water 18 probably the poorest choice for desert areas because 1its
effect 1s only short-term due to the high evaporative rate in arid climates.
Furthermore, water must be continually applied to dbe effective. Another com—
mon expedient dust suppressant material is waste engine oil from vehicles.
This should be used; but because of the rather limited quantities produced at
any one location, only localized use in unit motor parks 1is considered practi-
cal. Diesel fuel and other oil products have been employed by construction
contractors in the Middle East for this purpose. However, in the quantities
required by a military force, this technique would be a great logistics burden
and too expensive, unless supplies could be obtained or captured in the
region.

The following types of commerclal suppressants have recently become
available.

1. Magnesium Chloride Bitterns (MgCl,;) concentrate (a liquid) is used in
large quantity applications and does not require dilution with water. It is
applied like water, in initial quantities of about 0.5 gal/sq yd (2.3 L/m )
for roads. Therefore, a water distributor could be used. The MgCl; is some-
what corrosive; hence, equipment cowmpatibility should be determined. The ini-
tial application usually causes the road surface to become very hard, and in
many cases only one or two applications a year are regquired. Obviously,
weather, traffic levels, and soill conditions will affect the durability of the

product.

2, Resin emulsions can suppress dust and stabilize soil. Some are
petroleum-based products; others are acrylic. Both are diluted with water and
are applied like water to the surface. Dilution ratios (agent to water) vary
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from 1:4 to 1:15 or more. The degree of gtabilization is determined by the
amount of water used. Thick dust layers can be controlled by using a more
dilute solution. This provides greater penetration, but the surface must be
compacted for the adhesive characteristics to be effective. Heavily traf-
ficked surfaces tend to become more hardened with use, and lighter or no=
traffic areas become more resistant to wind and water erosion.

3. 0Oil-based commercial dust palliatives are available, and some experi-
ence has been obtained from their use in Viet Nam. PENEPRIME was most gen=-

erally used for road and off-road dust control. It is applied undiluted using
an asphalt distributor. A military disadvantage of this product is the dark

residual on treated areas.

5.4.14.1 Water Requirements:

Quality: Water of any quality is suitable by itself for controlling dust
and stabilizing soil. Freshwater, brackish water, or seawater can be mixed
with commercial palliatives. In general, any water clean enough not to clog
spray nozzles 1s acceptable. ' '

Quantity: The amount of water required for mixing with commercial dust
palliatives varies with the product and the nature of the applicstion.

Water Sources: The nature of the dust problem in an arid region essen-
tially dictates that only major sources be used, i.e., large producing wells
or seawater.

5.4.14.2 Water Conservation Measures:

1. Because of the need to control dust, the use of water can hardly be
avoided. It can be minimized, however, if some of the commercial dust pallia-
tives on the market are used. Limited product evaluation and testing was com—
pleted in 1981 by the U.S. Army Construction Engineering Research Laboratory
for Region VIII, U.S. Environmental Protection Agency. However, interferences
from these tests on the use of these palliatives in arid tactical areas with
salt water or brackish water as dilutents would be risky since this is a
unique application. Further research on palliative selection to match
specific soil types, dilutents, trafficability, and application rates is
needed. If this becomes a validated, high-priority research need, the U.S.
Army Engineer Waterways Experiment Station will be requested to undertake the
research effort.

2. Salcwater or brackish water should be the only types used for ma]jor
dust control programs. Brackish water, if available, may be the better choice
since the magnesium salts in brackish water may form a longer-lasting crust
than the sodium and calcium salts. Magnesium chloride is the active
ingredient of one of the commercial palliatives tested for the U.S. Environ-

mental Protection Agency.

3. Waste engine oil should be used instead of water for localized dust
control.

4. Facilities that can be adversely affected by sand (e.g., hospitals,
communications centers) can be given some protection from blowing sand by
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erecting sucw-type fencing around the perimeter. Open netting, such as
camouflage netting, supported by long barbed wire pickets could serve as a
field expedient fence.

5.4.15 Activity: Potable Water Production

Since municipal or fresh surface water resources are not expected to be
available to a military force in SWA, it will be necessary to produce potable
water from any available source. The primary military equipment used for this
will be the ROWPU because it is mobile and can produce potable water from sea-
water, and brackish ground water and surface water sources.

Environmental coaditions characteristic of desert areas also suggest that
potable water supplies can easily become contaminated with dust and sand from
frequent dust storms. It therefore appears prudent to have available the
now~standard ERDLator equipment to treat water coantaminated with dust and
other solids so that it does not have to be disposed of or used for other,
less critical, purposes. The advantage of the ERDLator treatment is that.
almost 100 percent of the water can be Tecovered for use.

Desert sun and heat can cause a variety of problems for those engaged in
producing water. Equipment can become so hot as to make the handling of
valves and other components difficult. Membrane elements, calcium hypochlor-
ite, and water quality test reagents can deteriorate rapidly when 'not ade-
quately protected.

5.4.15.1 Water Requirements:

Quality: Despite the great versatility of reverse osmosis to produce
potable water from almost any source, some limitatioans may be encountered in
purifying water in desert areas. The efficlency of the membrane in removing
dissolved minerals increases as the temperature of the water rises above 25°C
(77°F). However, should the temperature exceed 45°C (113°F), membrane compac-
‘tion occurs more rapidly, membrane adhesives weaken, and a structural failure
may develop that causes the element to become inoperative. Membrane life can
be shortened when the pH of the water is below 4.0 and above 9.0. Fouling of
membrane surfaces, reducing water production capablility, occurs when iron,
manganese, and silica are present in the raw water. Iron and manganese can be
reduced by aeration (cooling concept) and filtration, but since such pretreat-
ment may not always be practical in the field, frequent replacement of ele-
ments will have to be anticipated or allowance made for less water production.

When a military ROWPU is operating normally, only 1 gal (3.8 L) of pot~-
able water is produced from every 3 gal (ll.4 L) of feed water, regardless of
its quality. However, the brine from the treatment of brackish and nonpotable
fresh water can and should be recycled to produce additional potable water.
The 1imit on recycling these waters 1s reached when the dissolved mineral con-—
tent of the brine reaches that of Beawater.

Water Quality Analysis Sets and the skilled persounel to use them are
essential in the production of potable water. For the most part, present
equipment provides for making basic tests, e.g., chlorine residual, pH, turbi-
dity, hardness. Certain test reagents normally have a short life, and when
exposed to desert sun and heat can quickly become useless. Consequently,
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operating personnel should be alert to the expiration date of reagents and
protect test equipment by keeping it shaded and as cool as possible.

Quantity: While any available water source may be used to produce pot=
able water, every effort should be made to use the largest, highest quality,
and most reliable source available.

Water Sources: It 1s expected that the 8ea and wells are the most pro-

ductive sources for producing potable water. Surface water resources are gen-
erally preferable since less effort and cost is required to treat such water,

given the equipment and manpower resources of a field fighting force.

5.4.15.2 Water Conservation Measures:

1. Control waste. Operators of water 8upply points should keep spillage
of potable water produced to a minimum.

2. Make maximum use of all water. Brine produced in the operation of
the ROWPU should not be discharged as waste, but collected and stored for
other uses. This water, which is normally wasted, has heen subjected to two
stages of flltration before being processed through the membrane elements;
therefore, the brine is practically free of all suspended matter. This water
1s adequate in supply and quality for purposes such ag graves registratifon
activities, soill compaction, soil cem¢nt, and dust control. When there is a
general shortage of potable water, it can also be used for showers and laun-
dries.

3. Renovation of contaminated water. Water that may have been contam-
inated with dust or other removable suspended substances should be retreated
rather than wasted. ERDLator equipment is most suitable for this purpose
since most troublesome dissolved salts and minerals are removed by the reverse
osmosis process.

4. Water quality testing. Water quality tests should be done as accu-
rately as possible to preclude unsatisfactory water being distributed and
later having to be declared unsuitable for human consumption.

5. Equipment protection. ROWPU equipment, spare membrane elements, cal-
cium hypochlorite, and Water Quality Analysis Sets should be protected from
sun and heat to prevent deterioration and insure proper functioning.

5.4.16 detivity: Well Drilling

The general absence of surface water in desert areas and the prospect
that in-country municipal water supplies may not be accessible require the
deployment of fully trained and well-equipped drilling units to develop needed
water supplies. Equipment now being procured by the Army to provide this
capability includes modern 6—-in. (150-mm) diameter high speed rotary drills.

Highly sophisticated geophysical and seismic systems and technlques are
often used by professional well drillers to locate groundwater. In the
absence of these techniques, Army drillers should, if possible, consult local
inhabitants for assistance in identifying prospective drilling sites.
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The depth to groundwater can vary from about 50 ft (15 m) in coastal
regions to 500 ft (150 m) or more further inland. Also, the quality of
groundwater can vary from one location to another. Often it will be brackish
or high in mineral content (sulfur, calcium, magnesium, and iron) and, there-
fore, require treatment to make it potable.

A supply of water is essential to produce the drilling fluid — mud.
This 1is a mixture of native clay and/or commercial clay (bentonite) and water.
The mud cleans the drill bit, removes cuttings from the hole, cools the bit,
and reduces friction between the drill rod and the sides of the hole, and
plasters the sides of the hole to prevent loss of drilling fluid.

5.4.16.1 Water Requirements:

Quality: Water sources locally available usually dictate the type of
water used 1in drilling fluid, but generally the water should be reasonably
free of dissolved salts. Some salts soluble in water tend to alter the clay
suspensions properties of the mud. Saltwater or water with a high chloride
content tends to flocculate (curdle) the clay particles and destroy the col-
loidal properties of the mud, which are essential in wall building and in the
sealing off of permeable formations. In an emergency, either brackish water
or seawater could be used; but as soon as possible after drilling has been
completed, pumps and equipment exposed to salt should be thoroughly flushed to
prevent corrosion. '

Quantity: The amount of water required for drilling varies with the
porosity of the formatlon penetrated and the depth of the hole. A 6-in.
{152-mm) diameter hole will require about 20 gal of water per foot (250 L/m)
of depth.

Water Sources: Water may be avallable in the general area of the dril-
ling site or from municipal resources in the region. If not, it will have to
be transported to the site. Personnel should use supplies that may have
become contaminated with sand and dust, or untreated water collected in catch-
ments, before turning to potable resources.

Key indicators of groundwater in desert areas are the presence of habita=~
tion, localizecd green vegetation, and existing wells. Groundwater can also be
found to shallow depths 1n alluvial fans at the base of any significant moun-
tain range or in dry stream beds or wadis.

5.4.16.2 Water Conservation Measures:

1. Nonpotable water should be used for drilling whenever possible. If
bacteria are suspected, the water should be disinfected by the addition of
approximately 1 teaspoon of calcium hypochlorite per 50 gal {approximately
12 g/200 L},

2. Sheets of membrane liner or scrap tarpaulin may be used as an

expedient to line a slush pit (container for drilling mud) to minimize the
loss of water.
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3. During the development of a well, pumped water should not be wasted
but collected for treatment to produce potable water or used directly for
other purposes -~ e.g., concrete, soil compaction, fire fighting.

4. PFresh water is often found in relatively thin lenses overlying salty
groundwater. In such cases, water should be pumped out at very low rates to
prevent saltwater contamination. This procedure is only applicable to shallow
coastal wells (less than 40 ft [12 m]), where the overburden is relatively
uncongolidated.

5. Commercial drilling fluids, such as foam, can be used and thereby
substantially reduce the amount of water needed. An example of a brandname
drilling fluid is "Quick Foam" manufactured by Baroid of Houston, Texas.

5.4.17  Activity: Water Distribution

The distribution of large quantities of water under tactical conditions
will be by pipeline, trucks carrying bladders, and 5000-gal (18 900-L) tanker
trucks. Smaller quantities will be picked up from tank farms or storage and
distribution points in 400~-gal (1510-L) water trailers or in refillable fabric
drums and 5-gal (19-L) cans. '

Each action involving the transfer of wster from storage to transporter
and distribution to unit water containers can result in spillage. Despite all
reasonable precautions, spills will occur. A meansg for collecting ard storing
spllled water for other uses is prudent.

Pipelines can also cause water losses. Leakage can occur at joints, and
breaks can occur as a result of sabotage or vehicles crossing the line and
crushing it. Major breaks could result in the loss of water in a 2-mi (3.2~
km) segment, or about 15,500 gal (58 700 L) (normal interval between pumping
stations). The loss of water from the entire pipeline is prevented by pres-
sure sensors which shut pumps off when there is a drop below normal operating
pressure.

A newly installed potable water pipeline must be flushed and disinfected.
Jater used for this need only be relatively clean because it will beé dosed ‘to
100 ppm free available chlorine which effectively kills any pathogenic bac-
teria using a contact time of 30 minutes. Flushing and disinfection can be
done in 2-mi (3.2-km) segments to minimize water required; however, temporary
storage facilities (tanks or storage basin) would be required at each 2-mi
(3.2-km) interval. At the end of each pipeline, this water can be collected
to be used for other purposes -- e.g., concrete, aircraft washing, dust con=-
trol, disinfection of open storage tanks.

In a theater of operations there is always a chance the Army may have to
take over the repair and operation of a municipal water system. Although most
systems wiil be similar to those employed in the United States, problems can
be expected in obtaining replacement parts and operating supplies. Sizes and
dimensioas of basic compoanents can be expected to differ from those used in
the United States and even require the use of metric tools. Also, certain
nations may u-<c vzone for water disinfection rather than chlorine. Under
these circumstauces the Army should consider the hire of former local employ-
ees who are familiar with the equipment to operate and maintain the system.
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5.4.17.1 Water Requirements:

Quality: The only water needed for installing a water distribution sys~
tem ig for flushing and disinfecting the pipeline or an open tank that will be
used to store potable water. Fresh water relatively free of suspended solids
can be used.

Quantity: Approximately 17,000 gal (64 000 L) of water are required for
flushing and disinfection.

Water Sources:

1. Water from a tanker ship could be used, if available.

2. Fresh water wells may have to be drilled, or potable water can be
produced by ROWPU equipment.

5.4.17.2 Water Conservation Measures:

1. Water-dispensing equipment should be equipped with automatic shutoff
valves or nozzles to prevent gpillage.

2. Spillage at a major dispensing point should be anticipated and a con-
tainer built to collect and store this water for other purposes. A membrane-
lined basin could be used.

3. When the tactical situation permits and engineer effort is available,
pipelines should be buried 2-1/2 ft (0.8 m) deep to prevent damage from cross-
ing vehicles and minimize heat absorption. As an alternative, hoseline and
pipeline suspension kits and road crossing guards should be installed for dam-—
age prevention. Expedient crossings similar to those shown in Figure 5.11 can
be fabricated in the fileld at appropriate intervals.

4. Pipelines should be patrolled frequently and inspected for leaks and
‘1llegal taps.

5. Pipelines used to distribute potable water are vulnerable to sabotage
and illegal tapping. Also, the large quantity of water required to fill them
is susceptible to loss when the line is broken. A nonpotable pipeline does
not present quite the same risks, and loss of nonpotable water would not be as
critical. This suggests that the current short-term water resource management
concept bhe revised.

6. Water used to flush and disinfect pipelineg should be collected and
used for other purposes.

5.4.18 Activity: Water Storage

Military tactical and supporting units are equipped with a variety of
water storage equipment. The smallest is the individual canteen; for a
company-size unit, the largest is the 400 gal (1510 L) water trailer. To
enable these containers to be refilled, larger amounts of water are positioned
throughout a theater of operations to be readily accessible for pickup by
units or to be delivered by large tanker trucks to the larger water consumers.
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To insure an uvuinterrupted supply of water for all, a 4-day supply 1is normally
maintained within a theater of operations.

In the Army's near-term water resources management concept, water is to
be stored using a combination of flexible bladders ranging in size up to
50,000 gal (189 000 L) capacity, a family of smaller-capacity pillow tanks,
various sizes of fabric drums, and expendable 6-gal (23-L) bags/boxes.

To implement a conservation program in which wastewater is collected and
reused, additional storage capacity would be required. For these purposes,
the collapsible fabric stave tanks now in the military supply system would be
most suitable. In addition, expedient storage containers can be fileld fabri-
cated using lumber and membrane sheeting (Figure 5.12) or storage basins can
be excavated and lined with membrane sheeting (Figure 5.13). The latter can
also be installed to provide a reservoir to collect rainfall and supplement
available water resources.

5.4.18.1 Water Requirements:

Quality: Water is not required in the installation of water. storage
facilities. The water stored must be protected from loss, contamination, and
sun. In hot desert areas, storage tanks should be shaded, since burying
bladders and pillow tanks are not practical. A more practical technique would
be to erect standard camouflage nets over tank farms and set up tarpaulins to
protect small water storage facilities. In each instance, enough airspace
should be provided between the container and sun shade to permit air circula-
tion.

uantity: The amount of basic water storage capacity would be 30 million
gal (112 000 m3) for a force of about 375,000. Supplementary storage for col-
lection of wastewater and for nonpotable water needed for construction could
increase the storage requirement up to 25 percent.

Water Sources: Water to be stored is produced from a variety of water
gources, as discussed in paragraph 5.4.15. Likewise, wastewater that can be
collected and stored temporarily before use 18 produced by a variety of
activities, as discussed in paragraph 5.5.

5.4.18.2 Water Conservation Measures:

l. Water storage containers should be Inspected frequently for leaks and
repaired.

2. Stored water should be protected from solar radiation by some form of
shading. Containers should be covered to prevent contamination from dust and
loss from evaporation. Water that 1is too hot to touch may be spilled by those
who distribute and handle it. Any shade is beneficilal: a variety of field
expedients can be used for this purpose -— camouflage nets, suspended tarpau-
lins, survivor blankets, and painting tanks a light color. Double covers,
where a second layer is suspended over the primary shield, are even more
effective. This technique creates a live air space between the two covers to
"allow air to circulate and produce a cooling effect.
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3. Tank farm bladders should be placed in shallow excavations or in a
bermed area to protect them against enemy fire and reflected solar radiation.

4. Supplementary water storage capability should be available to enable
wastewater to be collected, treated, and reused wherever possible. Collapsi-
ble fabric stave tanks or field-fabricated tanks using membrane sheets can be
used. Such containers should be clearly and distinctively marked to indicate
they contain nonpotable water.

5. Simple storage basins or large catchments for collecting rainfall
runoff can be constructed by excavation and installation of membrane sheeting
to provide leakproof storage. Floating covers of lightweight and light-
colored membrane sheeting supported by timbers would be needed to protect
water from dust contamination and to limit water loss from evaporation.

3:.4.19 Activity: Aircraft Thrust Augmentation (Water Injection)

Certain U.S. Air Force Strategic Air Command (SAC) aircraft use a water
injection thrust augmentation system. When water is injected into the air
intake of a jet engine, it cools the intake air, which becomes more dense.
When the air 1s mixed with the hotter fuel, the result is a beneficial combus=-
tion mixture producing added thrust. Water injection is generally used under
heavy aircraft loads and in hot dry weather. Water injection is noi used in
Army aircraft. '

Currently, the following SAC aircraft employ water injection: B-52D,
B-52G, and KC-135. About half of the KC-135s have been equipped with fan-jet
engines, which do not use water injection.

Water used in thrust augmentation must meet certain standards of purity
over and above usual potable water standards; therefore, SAC TO&E includes
portable fon exchange demineralizing equipment. Such units are deployed with
aircraft and maintenance personnel.

Additiorally, SAC FB-11l1 aircraft gontain an internal environmental con-
trol (cooling) system which uses water as the coolant.

5.4.19,1 Water Requirements:

Quality: Potable water should be provided for the demineralization pro-
cessing required for thrust augmentation. Specifications call for water that
contains no more than 10 ppm total solids and a pH of 6.0 to 9.5. In tactical
situations, water up to 50 ppm is acceptable. '

guantitzz

Water consumption, by aircraft, is as follows:
B-52D - 300 gal/sortie (1100 L)
B-52G - 1200 gal/sortie (45 000 L)
KC-135 -~ 670 gal/sortie (2500 L)

FB-111 - 27 gal/sortie (100 L).
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To obtain 1 gal (3.8 L) of demineralized water, it will be necessary to
process 1~1/2 gal (5.7-L) of potable water.

Water Sources: Water normally would be supplied for thrust augmentation
from the U.S. Air Force organic self-sustalning potable water supply. How~
ever, the Army-operated Base Terminal would supplement any U.S. Air Force
shortfall through the Tactical Water Distribution Set (TWDS) and Storage/
Distribution network.

5.4,19.,2 Water Conservation Methods:

The waste concentrate from the demineralizatioan process could be repro-
cessed to produce potable and/or nonpotable quality, or used without treatment
for other purposes ——~ e.g., alrcraft washing —— thereby reducing the demand
upon potable water supplies.

5.4.20 Activity: Atlreraft Cleaning

The dusty envitonment common to desert areas is harmful to aircraft
engines and operating mechanisms. Consequently, care must be taken to avoid
hovering helicopters close to the ground and moving craft on the ground under
their own power, and to cover all apertures when the aircraft is not in use.
Regardless of all the care taken, dirt and dust does accumulate and can only
be removed by washing. Normally, helicopters -— the predominant Army aircraft
— undergo scheduled maintenance every 25 flying hours. The turbine ‘engine,
rotor blades, and fuselage are thoroughly washed with water soluble cleaner
and a soft brush, then rinsed with clean water in a pressurized spray. Equip-
ment needed to spray-clean water under field conditions is not available now,
but a cleaning and de-icing unit is being tested. Current practices discard
5l1l wastewaters to the surrounding environment.

5.4.20.1 Warer Requirements:

Quality: Wster for aircraft washing does not have to be potable, but
should be low in salt and mineral content (soft water) and suspended solids.
Bacteria levels are not considered critical since they can be easily con-
rrolled through field disinfection using chlorine. As a rule, brackish water
«ied saltwater should be avolded due to their corrosive ‘action on metals.

Quantity. About 25 gal (95 L) of water are needed to clean the air inlet
area, inlet guide vanes, and compressor rotor blades of a turbine engine. An
additional 100 gal (380 L) are required for the remainder of an aircraft.

Water Sources: If at all possible, the source of water should be other

than the potable water distribution system. Alternatives could include sur—
face water, if it 1s of suitable quality; municipal water; potable water which
may have become too contaminated to use for drinking or food preparation —
e.g., dust-contaminated water; and rainwater collected i1a an expedient catch-

nent basin.

Wastewater from activities such as a central shower or laundry would also
be suitable for aircraft washing if it is treated to remove grit, oils, and
goap, and chlorinated. See paragraphs 5.4.6 and 5.4.7 for shower and laundry

field treatment procedures.
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Water collected from aircraft washing operations can also be treated and
reused.

5.4.20.2 Water Conservation Measures:

l. Employ and enforce a standing operating procedure for aircraft wash-
ing to insure tHat a minimum of water 1is used for cleaning.

2. Consolidate aircraft washing operations, where practicable, by
installing an area-wide washing facility serving multiple aviation units.
Such a facility could be colocated with General Support Aircraft Maintenance
units.

3. Reuse aircraft wash water. Wastewater from aircraft cleaning should
be collected wherever, in the judgment of the aviation unit commander, reuse
offers an advantage over obtaining fresh water. A suggested layout for a
washing facility 1s shown in Figure 5.14.

4. Collect and use wastewatér under any circumstances for other pur-
poses, e.g., general-purpose cleaning, moistening soil for electrical ground,
dust control.

5.4.20.3 Helicopter Washing Facility

1. Use: Washing six or more aircraft using recycled washwater.

2, Materials: Membrane Surfacing Outfit, Afrfield Roads, SC 5680-97-
CL-EO1, Part 1 (66 ft x 100 ft [20 m x 30 m]), or 40-mil nylon reinforced meo-
brane sheeting,

3. Procedure: A suitable area is graded for a parking apron and covered
with T-17 membrane surfacing. Integral with the apron is a lined collection
ditch with sump to permit the recovery of washwater.

Wastewater Is transferred from the sump to one of two 1500-gal (5680-L)
collapsible collecting tanks wWhere grit and other heavy particles are allowed
to settle out, and oil and scum to rise to the surface. Once the tank has
been filled, the contents should be allowed to stand for 24 hours. At the énd
of this period, floating materials need to be skimmed from the surface before
the water can be reused. This can be done by skimming with a field-expedient
scoop or by installing a flexible hose to the tank drain and attaching a fun-
nel to the other end. By slightly submerging the funnel, floating materials
can be quickly withdrawn by opening the drain at the bottom of the tank.

Some chemical cleaning solution will be retained in the treated water,
but not enough to preclude its use as rinsewater. When withdrawing water from
the tank, care must be taken not to disturb sediment collected in the bottom.

When the tank is empty, the valve at the base should be opened to drain it
before refilling. This wastewater could be used for dust control near the
washing facility rather than discharging it to waste.

Some fresh water will be required periodically to make up for water lost
by evaporation and retained on the aircraft. The number of times wastewater
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wastewater may be reused before it becomes too dirty must be determined by
operating personnel.

If a central aircraft washing facility is established to clean many hel-
icopters in a day, a 420-gph (0.442 L/s) Water Purification Equipment Set
(ERDLator could be much more efficient and effective in treating the wastewa-
ter than the settling tank.

5.4.21 Activity: Vehicle and Equipment Cleaning

Dusty roads and frequent dust storms In desert areas make vehicles and
equipment dirty, abrade unprotected moving parts, and contribute to malfunc-
tions. Consequently, equipment operators must diligently perform prescribed
maintenance, including cleaning. Because water supplies are limited, the con-~
struction of washracks or equipment washing facilities should be prohibited.
Therefore, cleaning would be performed primarily by such mechanical methods as
brooms, high-pressure air, and dry wiping. 1In certain instances, however, it
will be necessary to use water to clean critical surfaces and parts: e.g.,
windshields, head and taillights, mirrors, and gauges.

Every effort should be made to protect equipment and thereby minimize the
need for c¢leaning. Small equipment items, in particular, should be covered

with tarpaulin or membrane sheeting to protect them from dust when not in use.

5.4.21.1 Water Requirements:

Quality: Water of any type or quality can be used for cleaning, provided
it 1s generally free of oll, grease, and soap. In addition, water with high
salt content (seawater and brackish water) should not be used on unpainted
surfaces, or where corrosion could develop and interfere with the operation of
the equipment.

Quantity: The amount of water needed for cleaning is not readily quanti-
fied. It could become excessive if strict restrictions are not imposed by
commanders.

Water Sources:

1. The use of potable water for cleaning equipment should be prohibited.

2. Potable water that has been contaminated with dust and dirt, and
where a means of restoring it to potable quality is not readily available,
could be used for cleaning.

3. The primary sources of wastewater that can be used for cleaning are
showers, laundries, and messkit washlines. Some type of fabric should be used
to filter oil, grease, and putrescible material before using the water.

5.4.21.2 Water Conservation Measures —- Operational Procedures

Commanders should issue specific instructions regarding the equipment and
vehicles to be cleaned, give guidance on how cleaning will be performed, and
restrict the use of water to what 1s absolutely essential to insure safety and
operational effectiveness.
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5.4.22 Activity: Vehicle Radiator Makeup Water

High daytime temperatures in hot, arid climates cause water in vehicle
radiators to boil; with continued use, engine coolant can become dangerously
low. To prevent engine damage, the operator must check the radiator often
(perhaps even several times each day) and add water when needed.

5.4.22.1 Water Requirements:

Quality: Water for vehicle radiators does not have to be of potable
quality, but should be relatively clean and contain only small amounts of dis-
solved minerals. Certain surface and well waters are normally high in dis-
solved salts and minerals and will eventually leave deposits that will clog
radiator cores. Consequently, seawater and brackish water should not be used
as engine coolants.

Quantity: Based on estimated loss of 25 percent of the engine coolant
capacity per day, the average amount of makeup water required is about
7 gal/truck (27 L). For trucks transporting water and other supplies from rear
areas to forward units, the loss by evaporation could be much larger. Any
water added should be adjusted by the amount of additives (e.g., rust, inhibi-
tor, glycol coolant, etc.) that may be prescribed for the area of operations.

Water Sources: Makeup water will normally be obtained from a potable
source such as a municipal water system unit water supply. However, contam-
inated potable water should be used whenever possible.

5.4.22.2 Water Conservation Measures:

Water Reuse: Water from canteens or 5-gal (19-L) cans which has become
too hot to drink should be put into radiators. Also, any potable water which
may have become contaminated with sand and dust can be filtered through cloth
or sandbags and used as coolant.

Coolant Recovery System: 1Installing coolant recovery equipment on radia-
tors of tactical wvehicles could essentially eliminate water loss.

5.4.23 Aetivity: Electrical Grounding

Electrical generators and critical electronic equipment -- such as radio
transmitters, radars, and computers —— must be grounded to protect operating
personnel and the equipment itself. In the inland areas of SWA, the lack of
8011 molsture makes special measures to establish an effective ground.

An effective expedient technique for fabricating a grounding system is to
add moisture to the subsoil to improve its conductivity. However, for the
electrical ground to remain effective, it will be necessary to keep the sub-—
soll wet because of the high rate of evaporation common to arid regions.

Water used for this purpose should be relatively free of putrescible matter to
avold creating a source of odors and an attraction for flies and other insects
{see Chapter &4).
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5.4.23.1 Water Requirements:

Quality: Water of any quality, wastewater from all sources, and even
urine can be used to add moisture to soil.

Quantity: The amount of water needed to establish and maintain an effec-
tive grounding system depends on the capacity of the electrical equipment and
cannot be quantified here.

Water Sources:

1. Saltwater 1s ideal for establishing a grounding system. Therefore,
seawater, brackish water, and brine from water treatment (ROWPU) can be used
when available. Urine is a suitable alternative to these waters.

2. Any wastewater from other activities -- such as mess operations,
laundry, showers, aircraft washing —— can effectively be used.

3. Potable water should not be used since lesser-quality water ought to
be avallable.

$.4.23.2 Water Conservation Measures:

1. Use only wastewaters, seawater, or brackish water for constructing an
electrical ground.

2. Locate field urinals where an electrical ground is to be constructed.
When larger grounds are required, a leaching field using perforated or
unjoined pipe and installed at least 3 ft (1 m) below the surface may be
appropriate. :

5.4.24 Acotivity: Photo Processing

Photographic activities in a theater of operations involve taking both
ground anhd aerial photographs and developing and printing black and white and
color film. Filw processing is done largely at the Division and Corps levels
where units performing this function employ speclally equipped shelters
designed for this purpose. There are, however, a few units, such as -engineer
construction battalions, which are issued cameras and photoprocessing kits for
just their limited needs. Only the latter requires water to produce prints.
All other systems use a dry printing process. New processes that would
entirely eliminate the need for water are under investigation.

X-ray equipment 1is available at each field hospital facility. That at
the Mobile Army Surgical Hospitals uses a dry process to produce the films.
The equipment used by the Combat Support and Evacuation Hospitals, which usu-
ally operate in the Corps Rear Area or Communication Zone, employ a wet pro-

cess.

5.4.24,1 Water Requirements:

Quality: Water for both photo and X~ray film processing has to be of
potable quality and contain relatively small amounts of dissolved minerals.
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The water te :.erature should not exceed 110°F (43°C) for black and white film
amd 98°F (37°C) for color film.

Quantity: Approximately 3 gal (11 L) of water are needed to develop 20
rolls of black and white or color film used for still photographs. Aerial and
movie film are processed using automated equipment which requires about 10 gal
per hr (38 L/hr). Hospital X-ray film processors require about 40 gal per hr
(150 L/hr).

Water Sources -- Potable:

The primary source of potable water is the 400-gal (1500-~L) water
trailer. Aerial photoprocessing units and hospitals are issued water trallers
for film processing.

5.4.24.2 Water Conservation Measures:

Water Reuse: Wastewater from film processing should not be reused  -for
any purpose other than creating an electrical ground for ‘equipment.

New Processes: The need for water could be eliminated if new film-—
developing processes under investigation prove sgsatisfactory and could be
adopted for field use.

5.4.25 Adetivity: Fire Fighting

The capability to fight fire in base development cantonments is essential
to minimize loss of life and equipment. Because water will be in short supply
and fire trucks may not be available, reliance will be on the use of portable
chemical extinguishers, sand buckets, and shovels, and water dispensed by the
bucket ful by those nearest the fire, Even under the most austere living stan-
dards, planning for a fire emergency must begin early.

In the absence of mechanized fire equipment with integral chemical extin-
guishers or on-board water, fire fighting will be primarily a manual opera-
tion, relying on a number of strategically located water—filled 55-gal (208-L)
drums with dispensing buckets. Drums should be placed near structures, equip-
ment, and materials that require protection. Additionally, manual chemical
extinguishers and buckets of sand should be located convenlently near areas
where fires could originate in materials not extinguighable with water.

5.4.25.1 Water Requirements:

Quality: The lowest-quality water available should be used. Potable
water should be used only when no other is conveniently available.

Quantity: Water quantities cannot be determined; however, about 50 gal
(190 L) should be available per general purpose (GP) tent and up to 100 gal
(380 L) per facility where the potential for fire is great -- e.g., alrcraft
and vehlicle maintenance.

Water Sources: Any source of nonpotable water is acceptable. The
sources could be streams, seawater, brackish well water, and ROWPU brine
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water. Even wastewaters from mess operations, showers, and laundries can be
uaed if nececessary.

5.4.25.3 Water Conservation Measures:

1. Keep 55-gal (210-L) water storage drums covered to minimize evapora-=
tion.

2. Fill drums with water of such quality that others will not be tempted
to take it for other purposes. Salt and brackish waters are excellent candi-
dates.

3. Use sand buckets and shovels instead of water wherever possible.

5.4.26 Aetivity: Pest Control

A ﬁariety of insects and rodents live in arid environments. Among the
more common pests that carry disease and damage military supplies are lice,
fleas, flies, ants, scorplons, locusts, and a varilety of rats.

Insecticides and rodenticides adopted by the Army can be effectively
employed in arid areas. The common formulations of insecticides coame in
powder form, premixed in oil, and emulsions that are mixed with water before
use, ‘

5.4.26,1 Water Requirements:

Quality: Potable or fresh water 1s required for mixing emulsified insec-
ticides. Saltwater and brackish water degrade the effectiveness of pesticides
and should not be used.

Quantity: The amount of water required cannot be readily quantified.
Overall, it is relatively small and should place an insignificant demand on
-the water supply system.

Water Sources:

1. Use water from a municipal water system or surface fresh water, 1f
available.

2. Potable-quality water contaminated with sand or dust 1s suitable

after filtering through cloth to remove particulates that could clog spraying
equipment, .

5.4.26.2 Water Conservation Measures: Relatively few benefits are to be
derived from limiting the amount of water used to prepare insecticide solu-
tions. Army entomologists should examine types and formulations of pesticides
to be used in hot, arid climates. Perhaps those that have to be mixed with
water should not be used.
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5.4.27  Acti-ity: Deecontaminating Personnel and Equipment

Enemy troops might use NBC warfare. Under these circumstances, it will
be necessary to have the capability to decontaminate personnel and equipment
that have been exposed to chemical and biological agents and radioactive fall-
out. In doing this, water is the most critical item and the major problem.

Units, decontamination equipment, and operating procedures employed in
decontamination procedures are discussed in the 3 series FMs and TMs. In gen-
eral, equipment 1s decontaminated by washing the items thoroughly with water.
When chemical agents are present, STB or DS-2 is applied after the initial
wash and then rinsed off.

Personnel are decontaminated by taking showers. However, investigations
at the U.S. Army Chemical Systems Laboratory indicate that showers may not be
an absolute necessity for decontamination, but suggest the "morale™ factor
needs careful consideration 1f showers are excluded.

5.4.27.1 Water Requirements:

Quality: Any available water source 1s suitable for decontamination
operation (i.e., seawater, brackigh water, surface water, treated waste-
vaters).

Quantity: The total amount of water required depends on the type and
concentration of the agent involved, and the number of personnel and equipment
affected. An average quantity for a medium-size truck is about 200 gal

(760 L); for a shower, the amount could be as much as 13 gal (49 L) per bather
or more,

Water Sources: Because large quantities of water would be required,
major sources such as rivers, lakes, high production wells, and seawater
should be relied on. If at all possible, uncontaminated potatle water should
. not be used in order to conserve it for drinking and food preparation.

5.4.27.2 Water Conservation Measures: The demand to start decontamination
operations quickly will probably override any thoughts of conserving. water.
Soldiers involved at the time of a chemical or bilological attack will use
freely water from any convenient source; usage probably will exceed the quan-
tities stated above. It would therefore be prudent to plan for large quanti-
ties of nonpotable water (seawater or brackish water from surface water
sources or wells) to be available for immediate use. One method of doing this
would be to install pipelines from the most accessible sources to areas of
major troop/equipment concentrations. At selected points, water—dispensing
facilities would be provided for use when needed. Such a nonpotable water
distribution system could also serve as a convenient source of water for fire-
fighting, construction, and dust coatrol.

Recovery and treatment of wagtewater from decontamination operations to
produce potable water are not considered practical. Radiological contaminants
can accumulate during treatment in the purification equipment and the chlorine
from Super Tropical Bleach (STB) used in decontamination of chemical and bio-
logical elements is extremely harmful to ROWPU membrane elements.

5-55



5.4.28 Activity: POW/Refugee Camp Operation

Combat operations often result in taking prisoners of war (POW) and dis-
placement of civilians from their homes. Prisoners are normally detained in
prisoner-of-war camps established within the theater of operations and pro-
vided certain facilities and accommodations. Refugees are generally collected
and put into temporary camps in rear areas to provide them some measure of
safety and to prevent interference with military operations. Among the ameni-
ties to be provided these individuals under the Geneva Convention is water for
consumption, food preparation, and personal hygiene.

5.4.28.1 Water Requirements:

Quality: Water provided POWs and refugees should be of equivalent qual-
ity to what they are accustomed to using. That used by U.S. forces will have
underggne extensive treatment and chlorination, and can cause digestive tract
problems for'Pe0p1e not accustomed to drinking this type of water. The need
to cool their drinking water is probably not essential, but a means of shading
water storage should be provided. '

Quantity: The amount of water to be furnished each person par day will
be less than for & soldler. The following estimates are based on limited
activity by camp inhabitants:

Amount
(gal[L]/man/day)
Drinking 2.0 [7.6]
Food Preparation 1.0 [3.8)
Personel Hygiene 2.0 [7.6]
Medical Treatment 1.0 [3.8]
TOTAL 6.0 [22.7]

Water Sources: The optimum sources would be a municipal water supply
system o6r freshwater wells. If they are not available, potable water would
have to be provided from Army resources.

5.4.28.2 Water Conservation Measures:

1. Adjust quantities of water supplied to be consistent with ethnic and
religious customs on eating and personal hyglene.

2. Establish a regime for the distribution and use of water in camps to
insure water is not wasted.

3. Blend potable and moderately saline well water to produce water of
acceptable palatability for inhabitants of the region.

5.4.29 Activity: Locomotive Enginer Water Makeup

Under certain circumstances, the Army could take over the operation of
railroad system in SWA or operate trains over existing trackage. Currently
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both narrow- :.d standard-gauge trackage are used by the nations in the area,
but all are gradually converting to standard gauge. Also, diesel-electric
locomotives are replacing steam engines. '

Although the diesel-electric locomotive would be more desirable, the Army
might be required to rely on steam locomotives. Under these circumstances, it
would be necessary to provide water for the engines.

5.4.29.1 Water Requirements:

Quality: Freshwater relatively low in mineral content would be required
to prevent buildup of scale in boller tubes.

Quantity: Between 18,000 and 25,000 gal (68 000 and 95 000 L) of water
are carried by tenders on reciprocating steam locomotives and steam turbine-
electric locomotives. In desert areas, water consumption is about 50 gal
(190 L) per mi.* Diesel-electric locomotives require up to 800 gal (3000 L) of
water, but because the cooling systems are closed, little makeup water is
needed.

Water Sources: Municipal water supplies would be suitable for steam
engines and should be available in most railroad yards. If separate water
service 1s required, the Army could supply water from potable supplies or from
wells producing water of acceptable quality.

5.4.29.2 Water Conservation Measures:

1. Service engines in operating railroad yards with established water
service.

2. Employ diesel-electric locomotives which require a small amount of
water for engine cooling.

5.5 Water and Wastewater Use Opportunities and Priorities

This section, in part, contains a tabular summary of selected findings
developed in this report. It is essentially a guide to sources of water and
wastewater that can be used for the various activities listed. The numbers
shown under each activity (Figure 5.15) indicate the water sources in an order
of preference (1, 2, etc.) that minimizes the burden on the overall water pro-
duction and distribution system. In addition, the lower portion of the figure
indicates those activities, again in order of preference, that can use waste=~
water from selected major sources.

The types and locations of water sources as well as the distribution of
units or military activities within an area of operation will be different for
each military operation. Consequently, the optimum source of water and the
use to be made of wastewater will ultimately be selected based on local and

gite-spocific conditions.

* “The Military Water Problems in the Western Egyptian Desert, 1940-1943," COL
W. G. Fryer, O.B.E. The Civil Engineer in War, Vol 3, 1948; The Institute
of Civil Engineers, London.
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5.6 Membrane Gheeting (Liners)

Description: Membrane sheeting materials are commonly used today as
watertight liners in excavated storage basins for various liquids, including
potable water. The expedient method i1s to form an earthen basin with conven-
tional earthmoving equipment, compact the embankments and berms, and then
smooth the earth by removing exposed rocke and other sharp objects. With the
basin thus prepared, the liner panels are placed in the basin and manually
positioned with seam overlap for subsequent sealing. The panels are long
enough to extend over the embankment top and into a prepared ditch. The seams
are then sealed, the embankment ditch is backfilled to secure the liner in
place, and then, depending upon liner or seawm cure time, the basin is ready
for use.

Certain membranes lend themselves to use ag water storage covers, sealing
out dust and other contaminants, reducing evaporation, and preventing algae
growth.

One type of liner material can be sprayed, troweled, or applied by
squeegee,

Theory: The construction of effective water storage facilities can be a
lengthy, costly process, particularly if steel tanks or concrete are used.
Equivalent and expedient water storage facilities can be built in a fraction
of the time at a fraction of the cost with membrane linings.

Case History: Membrane liner supplier/installer firms have many docu-
mented histories of unique and difficult water storage applications of their
products.

Cost: Membrane liner material 18 currently not in the Federal Supply
System. Procurement from the manufacturer 1s for a specific project. An
average cost for 30 mil (0.76 mm) reinforced Hypalon 18 $0.55 to 0.65 per
sq ft (35.92 to 7.00 per ml),

Reliability: The membrane materials have been developed with such physi-
cal properties as tensile strength, tear resistance, temperatute (hot/cold)
resistance, and resistance to degradation from exposure to sunlight, submer-
slon in water, and burial in soil. Records of use to indicate durability
under such conditions are claimed by the manufacturers. In addition, ASTM
test standards are imposed on producers to insure the sheeting provides ade-
quate service.

Applications: Membrane liners have been used effectively in many areas
of the world for water containment and for water/sewage treatment applica-
tions. Reports from certain liner manufacturers and installers indicate that
some satisfied customers are located in Middle East countries. It is sug-
gested that the time/cost factors are most attractive for using membrane
sheeting in water containment basins for RDF deployment applications which
involve potable water storage, water harvesting, and treatment. In addition,
the membranes could be used in covering vehicles and equipment as protection
against dust, thereby reducing water usage in cleaning such items.
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Safety Factors: Membrane materials for water containment should not
present significant safety problems except when used for a potable water
storage basin. Certain types of liner materials contain chemical components
that can leach into the water and prove harmful if not removed.

0&M Needed: A torn liner would have to be repaired. Also, after long-
term use, it would be necessary to drain storage facilities to remove col-
lected sediment.

Instrumentation and Other Ancillary Considerations: Not applicable.

Ease of Implementation: The size of the intended water containment
basin, thickness (weight), and size of the membrane panels will determine ease
of installation. Membrane panels could weight up to 5000 1b 2.3 MT) and
specific gravity ranges from 1. 24 to 1.50 for the various membranes. Thick-
ness may be selected between 10 mils (0.25 mm to 1.52 mm) to 60 mils and
panel widths up to 150 ft (48 m) are available. '

Cranes, forklifts, flat bed trucks, and front-end loaders can be used to
place panel rolls upon the basin embankment from which the accerdian folds are
unrolled manually and accurately positioned by the installation crew. Panel
sections overlap one another by 2 to 4 in. (51 to 102 mm) to permit a sealable
seam. The solvent or adhesive can be manually applied or a seam welding dev-
ice 1s used.

A crew of four can install a 20,000 sq ft (1860 mz) liner in less than a
day, and a crew of eight to ten can install 1 hectare (2.5 acres) of liner in
one day. All types of membrane sheeting of simlar size and weight have simi-
lar ease of installation.

5.7 Water Consumption Planning Factors for Construction

5.7.1 Water Consumption Planning Factors

Table 5.1 summarizes water consumption for various activites in a hot,
arid climate.

5.7.2 Assumptions

The following assumptions were used in deriving the water consumption
planning factors in Table 5.1.

1. Road Construction:

a. Compaction

(1), Consumption on a 1-mi (1.6-km) section of Class A road.
(2) Subbase will be compacted to 6 in. (152 mm).

(3) Best moisture variance between desired and actual moisture content
is 2 percent; worst case is 10 percent.

(4) Maximum dry density is the desired dry density which is 120 1lb/cu ft
(1920 kg/m3).
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(5) Construction 1s to be conducted over level terrain.

(6) Amount listed 1s for one 6-in. (153-wum) compaction effort on a 1-mi
{(1.6-km) road.
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Table 5.1

Water Consumption Activities for
Desert/Arid Climate

ACTIVITY

QUANTITY

1.

Road Construction

Compaction

122-245 k gal/uile
of Class A Road

Noupotable acceptabla

b. Soil Scabilization 100=-850 k gal/mile Same as la.
of Class A Road
c. Bituminous Treatment Based on asphalt plant
requirements.
d. Dust Coatrol B45,000 gal/hr/ Same as la.

mile of Class A
Road

2. Alrfield Construction
a. Compaction 151~-300 k gal/ Same as la.
Medium Lift Support
Area Airfield (MLSA)
b. 8Soil Stabilizaticn 140-700 k gal/MLSA Same as la.
¢. Bituminous Treatment Sane as iﬁ.
d. Dust Control 1,050,000 gal/hr Same as la.
MLSA A/F
3. Quarry Operations
a. Washing/Screening
Requirements

(1) 75 TPH Crusher

(2) 225 TPH Crusher

(3) Dust Control

23,000~47,000 gal/hr
{reusable)

105-210 k gal/hr
(reusable)

60 gal/hr
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Table 5.1 (Cont'd)

ACTIVITY QUANRTITY REMARKS
4. Asphalt Plant Operaticas
s. Plaat 1000 gal/br Potable
b. 3=Car Esater 200 gal/hr Nonpotable
S. Well Drilling Requirements
a. Rotary Drilling 3 times the volume
(hydraulic) of the hole baing
drilled. Nomnpotable
b. Cable-Tool Drilling 4 gal/fec of 6 in. hole Saltwater may be used.
5 gal/ft of 8 in. hole
6. Concrete Counstruction 60 gal/cubic yard Potable water prafarred.
Nonpotabls water may be
used that is acid/
alkall{ free and has a
ainimm of organic
materials. Seavater
may be used, but
strength is decreased
by 20X.
7. Pipelina Testing

a. G=in. Pipe

b B8=in. Pipe

16,000 gal/uile

28,000 gal/mile
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(7) Dry compaction will not be performed.

(8) Soil is moisture-free or near moisture-free content.
(9) Range of required moisture content is 10 to 20‘percent.
b. Soil Stabilization

(1) When only water 1s used as a stabilizing agent apply factors out-
lined in II, above.

(2) Bituminous stabilization is treated separately (see lc below).

(3) Amount of water required equals 1/2 percent for each 1 percent of
gtabilizing agent by weight.

(4) Consumption based on a 1-mi (l.6-km) section of Class A road.

(5) Amount of stabilizing agent (lime, cement) ranges from 2 perceat
(best case) to 16 percent (worst case).

(6) Density of soil equals 10 1b/cu ft (160 kg/m3).
{7) Does not include factors for compacting process.

(8) Amount listed is for one 6-in. (152-mm) stabilization effort on a
1-mi (1l.6~km) road. '

c. Bituminous Treatment Requirements

(1) No water required at placement site.

(2) Treated as parf of the asphalt plant figure.

d. Dust Control

(1) Water will provide control for 1 hour.

(2) Requires 1 gal/sq yd (4.5 L/ml) (worst case).

{(3) Consumption based on l-mi (1.6~km) section of Class A road.

(4) Requires 3 to 5 gal/sq yd (14 to 23 L/m2) due to heat and zero mois-
ture content.

(5) 1If coherex is used in lieu of water, application rate {8 approxi-
mately .33 to .67 gal/sq yd (1.5 to 3.0 L/m2). Mix one part coherex to one to
geven parts water.

(6) Other dust control agents can be used which decrease the amount of
water required (penoprime, DCA 1295, etc.).
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2. Construction of Airfields:

a. Compaction: Assumptions are the same as Road Construction (LA) with
the exception of width and length, which are based on the criteria for a
Medium Lift Support Area Airfield. Width = 60 ft (18.3 m); length = 3500 ft
(1070 m).

b. Soil Stabilization: Assumptions are the pame as lb above, with the
width and length changes noted in 2a, above.

c. Bituminous treatment requirements: Same as lc, above.

d. Dust Control: Same as ld, above, with width and length changes out-
lined in 2a, above.

3. Quarry Operations:

a. Based on data in FM 101-10~1 and T 5-331C.

b. For dust control, assume 1 gal/min (0.06 L/s).

4. Asphalt Plant Operations: None.

5. Well Drilling Requirements:

a. Rotary drilling (hydraulic) data obtained from Well Drilling Manual,
National Water Well Association; Water Well Technology, McGraw-Hill; and Water

Well Manual, Premier Press. Planning figure listed as three times the volume
of the hole being drilled.

b. Cable tool drilling data based on factors in Well Drilling Manual,
National Water Well Association.

c. Figures do not include loss of water due to seepage from the settling
pit into the soil. (Settling pits are considered to be lined with a membrane

or impervious clay.)

6. Concrete Construction:

a. The amount of water required per cubic yard of concrete 1s dependent
on the size of aggregates used, the water cement ratio, type of cement, con-

crete slump, weather conditions, and curing requirements.

b. Water figure includes only requirements to mix and finish concrete.
Figures do not include cleanup of concrete mixing eguipment.

¢. Increase is due to higher requirements for curing and absorption by
aggregates.
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7. Pipeline Testing:

a, Water testing is required. (It should be noted that in emergencies
fuel may be used to test the system. However, this is very dangerous and has
many adverse effects.)

b. Planning figures are based on complete filling of the pipeline with
vater for the test and one complete flushing.

c. If fresh water is used to check pressure, flushing can be eliminated
if necessary.

d. If saltwater is used to check pressure, one complete flushing of
fresh water must follow testing in order to purge saltwater from the line.
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CHAPTER 6 - VERIICAL CONSTRUCTION

6.1 Introduction

The use of improper building materials, building systems, construction
details, or construction techniques in SWA would not only create unnecessary
problems for comstruction workers, but would also adversely affect the working
effectiveness or living comfort of the occupants because of inferior or unsa-
tisfactory enviromments. This chapter considers climate, efficlent use of
indigenous materials for building, and appropriate methods of construction.

The Middle East covers a wide variety of geographic, climatic, and cul=-
tural regions. It is Important to point out that within this region there are
temperate and cool to cold areas, although the major emphasis of this report
is on building in the hot climates of the Middle East,

The scenario to which this chapter tesponds covers an operational time
period of from 0 to 12 months. This overlaps two military standards of con-
struction: JCS Publication 3 initial construction (0 to 6 months) and JCS
Publication 3 temporary construction (6 to 24 months). Current planning doc-
trine specifies that during the initial 6 months of an operation, troops and
equipment will be housed primarily in TOE tents (may be some wood frames).
However, doctrine also states that the period exceeding the initial 6 months
should provide more permanent structures which exploit the indigenous methods
and materials wherever and whenever possible. Therefore, this chapter will
cover a period from 6 to 12 months, and will identify indigenous materials,
materials growing or produced in a region or country, and the corresponding
methods of construction in order to provide less expensive, habitable, and
feasible bullding in an otherwise austere building eavironment.

6.2 Improving Habitability

6.2.1 General

Because of the austere conditions for constructing and operating a build-
ing in the desert, standard and exotic methods of heating and cooling are not
possible. This means that any method requiring electricity will not be seri-
ously considered. Evaporative cooling, which will be discussed, should only
be used when there {s a pleatiful water supply that 1is easily transportable
and does not present a health hazard. Electricity or water should only be
used when the buildings are normally unbearable to live in because of the
heat. Many steps can be taken to moderate the effects of the desert. The
guidelines digcussed below should be expanded upon in the field by taking
advantage of goldiers’' own imaginative solutions to problems and by copying
successful practices of the natives. '

In the desert, a building must provide protection from the sun for the
people and equipment, shield them from blowing sand, and hopefully provide
some relief from the high temperatures. Because the climate 1is so important,
it will be discussed first. The factors affecting whether a person 1is com-
fortable will be examined next to see how to take advantage of the desert's
extreme condltions. Techniques for passively cooling buildings will then be
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discussed. A brief description of non-austere mechanical systems will be
glven next. Finally, the main points will be summarized.

6.2.2 Effect of Climate

Although the Middle East climate can range from cold to very hot, only
the hot regions will be considered. Temperatures can rise above 109°F (43°C).
While the region is arid and generally has low humidity, some coastal regions
have high humidity levels. A map of world climate zones, shown in Chapter 1,
glves three climate categories covering the Middle East: hot, dry desert;
intermediate hot dry desert; and humid, hot coastal desert.

The amount of humidity has a large effect on night temperatures.* In low
humidity areas, the night temperatures can fall to 59°F (15°C). This wide
day-to-night temperature swing helps offset the high temperatures during the
day. Areas with high humidity have much lower day-to-night temperature
swings. Unfortunately, this limits the number of ways to moderate the day
temperature.

The sun is at a very high angle because of the low latitudes. Conse-
quently, the roof of a structure will receive most of the solar radiation.
Also, a north-south building axis receives more solar gain than a 22st-west
building axis (Figure 6.1).

6.2.3 Thermal Comfort

Many factors affect whether a person feels thermal comfort. Air tempera-
ture is the wost familiar; however, there are other factors: air velocity,
relative humidity, interaction by radiation heat transfer with the surround-
ings (from the sun, outdoors, or building walls), and the conditions one is
used to. To understand the goals of some of the passive building designs, it
18 necessary to know how each of these factors influences comfort.

Each factor's effect will be covered only briefly here since the subject

"is so complex. The air temperature indicates how much heat will be trans-
ferred by convection from a human body to the air surrounding it. The rela-
tive humidity 18 a measure of how much water. vapor the air h¢lds tgo how much
it could possibly hold at the same temperature and pressure. The lower the
humidity, the easier it is for the body to cool itself by sweating. Higher
alr velocities around the body increase the heat transfer by convection
between the air and body, and thus the cooling which occurs with sweating. An
often overlooked factor affecting comfort indoors is the wall temperature.
Our bodies exchange heat by radiation with the walls, floor, and ceiling. 1f
the walls are cool, a person may be significantly cooler in hot air than if
the wall and air are hot. Obviously, being in direct sunlight can greatly
influence how hot one feels. Convergely, a person who 1s outdootrs on a hot
clear night can feel the cooling effect of the cold night sky. Finally, peo-
ple can adjust to hot climates that they at f£irst think almost unbearable.
The body can quickly (in a matter of days) acclimate itself to a hot environ-
ment. (See Chapter 9.)

* B. Givoni, Desert Housing and Energy Conservation (Ben Gurion, University of
the Negev).
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Figure 6.1. An east-west building-oriented axis.

Ordinarily, a major goal of building design is to provide a comfortable
environment for the inhabitants. Under austere desert conditions, this may
not be a realistic goal; instead, austere buildings must be designed to be at
least livable. Nevertheless, the more comfortable people are, the more effi-
ciently they will work and the less they will need to drink water because’ they
are not sweating as much. Each of the factors affecting comfort can be
adjusted to provide a livable, if not comfortable, building.

Desert winds and dust storms create an unbearable living environment for
building occupants and also may cause problems for some structural components
unless precautionary steps are taken during construction.

In windy areas, the foundations must be built deep enough to prevent ero-
sion around the corners of the foundation system. Exterior doors and windows
should be sealed as much as possible, elthough no attempt should be made under
normal service conditions to erect a sand-tight building. Several methods for
reducing dust infiltration are as follows:
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1. Use nonoperable window.
2. Use inertial dust separator.

3. Use air filters.

4. Use positive building interior pressure.
5. Use high air intake louvers.

Also, roofing material must be doubly fastened and cooling systems
attached securely to the supporting structure with additional fasteners.,

Electrical equipment’'s performance can be drastically reduced by exces-
sively high temperature. If the temperature is high enough, the machine may
not work. 1In general, the cooling principles that apply to humans can be
applied to machines.

6.2.4 Cooling Buildings

The purpose of any cooling system is to moderate the extreme desert heat
so the inhabitants can be comfortable. Conventional cooling systews are not
practical in austere desert conditions; however, other steps can be taken, as

discussed below.

A person's primary shelter against the environment is his clothing. For
the desert, clothing should reflect the sunlight as much as possible and allow
the body to cool by evaporating sweat.

The heat sinks of electric equipment should be shielded from the sun,
have a high emissivity to radiate heat, and have an air flow over them to con-
vect the heat away.

The following passive coolihg techniques take advantage of or neutralize
the desert conditions:

1. Reduce solar gain by using exterior .paints that are very reflec-
tive —— especially for the roof.

2. Orient the building so it has an east-west axis (Figure 6.1) to
minimize the solar gain. In general, only design windows when they are neces-
sary for adequate ventilation or daylighting.

3. Use overhangs or shutters to block sunlight from falling directly
on the windows or the walls. Shading separate from the building can be used
for the same effect, but it should not hinder ventilation. Movable shades and
shutters may be used to maximize ventilation and minimize solar gain.

4. In order to reduce convective heating, minimize the exterior
surface area by having as square a building as possible.

5. VUsc thick, dense walls and roof to insulate against the hot exte-
rior air and so0 that the interior surface temperature will be slow to rise



during the heat of the day. This will be a cooling effect since comfort is
affected by r1odiant interchange with the surroundings.

: 6. Place additional lightweight insulation on the exterior of the
thick, dense walls so they will be even slower to heat up.

7. Bury the building partially or completely underground since the
ground does not get as hot as the air and all that is exposed to the sun is
the roof.

8. Ventilate the building. In a low-humidity region with large
swings between day and night air temperature, the ventilation should be as
high as possible at night so the interior walls can be cooled down to keep
everyone comfortable the next day. During the day, the ventilation should be
as low ag possible (doors and windows closed and any air leaks blocked) so
that the hot air will not get in and raise the temperature of the interior
surfaces. In high-humidity regions with little change between day and night
air temperatures, the interior surface temperatures will not drop very much
during the night, so there will be little relief from the heat during the day.
Consequently, there should always be ventilation so that the effects of sweat—
ing can be enhanced by increased air speed around the body. There is an
optimum air speed for cooling by sweating; a higher speed will increase the
convective heating, and a lower speed will reduce the effect of the sweating
compared to the convective heating. Orient openings to take advantage of the
usual direction of the wind. (Normally the wind is from the northwest or
southeast.)

9. The most effective height of windows to ventilate for human com—
fort ranges from 18 to 60 in. (0.46 to 1.52 m) above the floor. In barracks,
it is advisable to keep the sill at the height of the beds to insure an ade-
quate airflow around this area. When higher windows are required, they should
be horizontally pivoted so that the window panel deflects the airflow down
into the space.

10. Minimize use of interior walls because they limit the air flow
when windows are opened. Where needed, interior walls should be lightweight
and light in color.

11. Whenever possible, use on-grade concrete slabs for a foundation
ro take advantage of the earth's insulating qualities.

12. Avoid raised foundations, whether of the point or perimeter type.
Unless the floors are properly insulated, they will be exposed to the high
diurnal temperature variations.

13. Use properly insulated lightweight wall and roof systems to
prevent intolerable amounts of heat from being transmitted into the building.

14. External wall surfaces should be a light, nonglaring reflective
color or should be painted in light, nonglaring colors to reflect.solar radia-
tion.

Some cooling techniques require manual labor. These activities can usu-
ally be done before sunup and after sundown.
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1. Brush clean the exterior surface of the walls and roof so that
the sand film that may form on them does not change their solar reflective
properties,

2. Add extra insulation to the building exterior during the day and
remove it during the night.

3. Ventilate the building by opening doors and windows when the out=
slde alr temperature is lower than the temperature inside the building.

4. Sleep outside if the building is too hot (probably in humid
regions), preferably under mosquito netting.

5. Observe the techniques natives use to stay cool.

6.2.5 Habitability of Prefabricated Temporary Buildings Without Mechanical
Cooling

A study was made to determine whether temporary, trailer-like, light=~
weight buildings without air conditioning would be habitable, or could be made
habitable, during emergencies in hot desert environments. The study was made
using the Buildings Loads Analysis and System Thermodynamics (BLAST). program.*
The BLAST computer program is a detailed simulation procedure which calculates
hourly heating or cooling loads, or hourly room temperatures in the absence of
heating or cooling equipment, based on a detailed description of the building
and on actual climate data. The climates simulated were a hot-wet climate and
a hot-dry climate typical of the Middle East climate extremes. An office and
two different dormitory configurations were simulated.

The baseline buildings as well as retrofit options were simulated to
determine 1f improvements in habitability and comfort could be achieved by
such techniques as adding mass to roof and walls, controlling ventilation,
adding shading, reducing window area, etc. The results are summarized in
Table 6.1, The results indicated that with temperatures ranging from 111°F
(44°C) during the day to 879F (31°C) at night for 1 percent design day (e.g.,
in Dhahran), it proved impossible to maintain the mean air temperature in the
buildings to within the limits of human physiological comfort as defined by
the ASHRAE Handbook of Fundamentals (Figure 6.2).%*

Even the fully retrofitted office (option from Table 6.1) modeled still
reached 93°F (34°C) during the 5 percent design day in the hot=-dry desert
regions. This showed that the prefabricated buildings studied can be
extremely uninhabitable 1f mechanical coocling cannot be provided.

* D. C. Hittle, The Building Loads Analysis System Thermodynamics (BLAST) Pro-
gram, Version 2.0: Users Manual, Volume I, Technical Report E~153/ADA072272
(U.S. Army Construction Engineering Laboratory [CERL]), 1979).

**ASHRAE Handbook 1977 Fundamentals (American Society of Heating, Refrigera-
tion, and Air Conditioning Engineers [ASHRAE), 1977), pp 8.1-9.18.
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Table 6.1

Results of BLAST Analysis

Hot-Wet Reglon (Dhahran) Hot-Dry Region (Riyadh)
High Low High Low
Teap Relative Time Temp Time Temp Relative Time Temp Time
Optien (°F) Humidity** (Hrs (°F) (Hrs) (9F) Humidity** (Hrs) (°F) (Mrs)
1 percent deesign day™
Outdoor dry bulb temp 111.0 3? 15 719.0 05 110.0 24 15 78.0 05
1 109.6 38 16 81.7 o7 108.6 25 16 82.7 07
2 100.9 49 17 80.7 05 100.0 32 17 19.? 05
3 99.4 52 17 80.4 as 99.0 3 17 19.5 05
4 97 .9 55 17 80.8 123 96.8 36 17 19.7 05
5 percent design day+
Qutdoor dry bulb temp 108.0 7 15 716.0 05 106 .0 26 15 4.0 05
1 106.6 18 16 80,7 07 104.6 27 16 78.8 07
2 98.1 50 17 17.7 05 9.5 34
k] 96.6 53 17 17.4 05 95.3 a5 17 75.4 0%
4 95.5% 5% 16 1.8 [+ 94.3 16 16 5.9 05

* ] percent and 5 percent design day: The high temperature of the design day is only exceeded’) percent and
§ percent of the year. . ' . :

%% The relative humidity 16 determined using a Peaychrometric chart and assuming that the specific humidity 1s the
same indoora and guteide. The actual relative humidity would probably be considerably higher due to the moisture
added to the building from human perspiration.

OPTION t OPTION 2 OPTION 3 OPTION 4

ALL SURFACES HAVE A REFLECTIVE COATING
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Figure 6.2. Comfort and discomfort lines, lines of equal wetted area
(physiological strain). Lines for ET* at Comfort, 25 percent,
50 percent, and 100 percent wettedness also indicated.
{(Reprinted by permission from ASHRAE Handbook of Fundamentals,
1981.

6.2.6 Cooling Systems

If base camps are built up enough that austere requirements can be
relaxed, several methods can cool effectively.

Evaporative cooling requires a plentiful supply of water and works well
in low-humidity regions. The hot, dry air is cooled by vaporizing water. To
provide cooling, air must be moved through the building either by fans
(requires electricity) or naturally.

Since the water normally found in desert regions has high alkali content,
the water that will be used for evaporative cooling should be treated 1if
required. An evaporative cooler must not be used where water is at a premium.
However, since evaporative cooling units are economical, they should be used
as much as possible in hot, dry reglons if water 1s available.

A traditional method of evaporative cooling can be used, as shown in
Figure 6.3. This is a chimney-type structure with an opening designed to
catch the prevailing dry winds, which are funnelled down a shaft in which a
large porous pot full of water is suspended. The water in the porous pot
8lowly drips to a grid on which charcoal has been spread. The air passing
over the porous pot and the charcoal absorbs the water vapor, and cooling
takes place by evaporation. Both the air introduced into the interior spaces
of the building and the water in the pot are cooled.
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Figure 6.3 Traditional method of evaporative cooling.

Roof water ponds require a plentiful supply of water and a very strong
roof. A pond of water on the roof is covered during the day to minimize heat
gain and then uncovered at night to waximize cooling by the cold air, night
sky, and vaporization of the water.

Conventional window air conditioners require electricity but are easily
installed.

5.2.7 Heating

When the desert gets cold, personnel can wear warmer clothing. The pas~
sive cooling techniques can be reversed to have passive heating (e.g., ven-—
tilate during the day and not at night to keep the interior surface tempera-
tures at a comfortable level). 1If fuel is not in short supply, fuel~burning
heaters can be used.

- 6.3 Indigenous Building Methods and Materials

6.3.1 General

The limited range of materials for building in the Middle East 1s common
knowledg2; the area is primarily desert and inaccessible mountain ranges;
vegetation 18 sparse, and mineral resources are difficult and expensive to
exploit. Indigenous building technology 1is based largely on stone, clay
soils, and a limited supply of wood. National development, financed by oil
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and gas revenues, is forcing the growth of local building materials indus-
tries, but it will be years before steel, cement, and other primary structural
materials will meet regional building needs. Primary and secondary materials
will need to be brought in for the foreseeable future, and thus will remain
available mainly on a warehouse basis =- in the ports and centers of trade,
and at the sites of development.

Designers of buildings which utilfze materials and methods indigenous to
the region will be faced not only with a limited choice of materials, but also
by the problem of limited lengths and sizes in specific categories. In such
cages, it may be necessary to overdesign in order to utilize available materi-
als, or otherwise adapt to the local supply situation.

Climatic and environmental considerations will also affect design
development. Options for building design, for example, include the possibil-
ity of burying below the ground surface —- a traditional desert technique that
has been used for centuries to combat heat gain through walls. It can be
demonstrated that burying a building will influence design of the superstruc-
ture in various ways: walls can be reduced in height or eliminated; tradi-
tional heavy mud roofs can be constructed more easily when the superstructure
is lowered (thus increasing local material options); roof sizes can be reduced
since wall shading requirements are reduced or eliminated, and opportunities
for using short pieces of material are increased.

Corrosive soils contalning sulfate and chloride are abundant in the
region. Do not use galvanized steel in contact with ground in a corrosive
area. Only zinc-coated, vinyl-covered steel should be used in such areas.
Also do not use uncoated galvanized steel or aluminum in exterior applications
within 5 miles of seawater or it will quickly corrode.

Conventional methods of using materials such as wood and steel, which are
common knowledge among Western designers and builders, have not been con-
sidered in this chapter. Rather, this study has attempted to look for ways in
which traditional local materials can be retained for their proven merits, and
for opportunities to improve methods and make them easier to use by applying
principles of materials science and technology.

6.3.2 Concrete Systems
6.3.2.1 General:

Concrete production in the Middle East has been difficult, at best, for
many decades. The four major problem areas are: (1) inferior materials, (2)
lack of production capabilities, (3) environment, and (4) unskilled and
untrained labor forces. Reports of rapid deterioration and, in some
instances, total fallure of concrete structures built in the Middle East are
appearing with greater frequency in engineering and construction Journals.

The principal villains are the poor construction materials and the harsh
environment. The general absence of both fine and coarse good-quality aggre-
gates, which make up 85 percent of the concrete, coupled with a lack of suit-
able quantities of potable water for concreting operations will present a real
challenge to troop construction. The very high temperatures and strong pre-
vailing winds associated with the area will compound the problem.
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Nonetheless, concrete is made and used daily in the area; this indicates that
with proper training and planning, troops also could produce it.

The Engineer support associated with the size of the operation being con-
sidered in this report will not have the production equipment nor expertise
needed to make anything more than occasional batches of concrete. Once made,
transportation of the concrete will be difficult due to limited vehicular sup-
port and lack of suitable surfaces over which to transport it.

The following paragraphs describe the anticipated problems or areas of
need for most aspects of concrete materials and concrete production. The
aggregate problem will be difficult to solve, and does vary depending on site
location.

6.3.2.2 Portland Cement Concrete Production:

1. Portland cement. Although there is some local cement production in
the region, most cement will have to be imported. Many countries ship cement
into the region. In general, there will be no control over what is received
and its quality. If possible, sulfate-resistant (Type V) and low-heat cements
(Type IV) should be used.

2. Aggregates. Natural sands are usually abundant, but their gradings
are generally poor, and they are frequently contaminated by deleterious salts.
Typical grading curves and bands of aggregates in desert areas are provided in
Figures 7.2 through 7.6. Rock outcrops may be friable and porous, and contam-
inated with deleterious salts. These problems, in combination with extremely
hot weather, are of major concern for concrete construction.

3. Water. The entire concrete operation uses large quantities of water,
beginning with the processing and washing of aggregates, through mixing, cur-
ing, and equipment c¢leanup. In most steps, it is usually recommended that the
water be potable; however, exceptions can be made, especilally for the tem-
porary construction. Water to be used for mixing mortars or concretes must
not contain dissalved substances that affect the setting time unduly or retard
the hardening. In general, the only impurities in natural water that are
likely to be objectionable are dissolved salts; the permiseible limits for
‘1ese are gquite wide.

Seawater or brackish water has been used for mixing concrete in many
areas where potable water is difficult to obtain. It has been noted that gea-
water with a maximum concentration of salts on the order of 3.5 percent does
not appreciably reduce the strength of concrete, although it may lead to cor-
rosion of reinforcement. At salt concentrations beyond that, a strength
reduction ranging from 8 to 15 percent can be expected. This reduction in
strength may be corrected by using somewhat less mixing water and somewhat
more cement. Most engineers believe that seawater should not be used for mix-
ing reinforced concrete; however, after 4 years, no problems were reported
when coral aggregate and seawater were used in military base construction in
Bermuda. Therefore, seawater is acceptable for use in Portland cement con-
crete construction for temporary facilities.

If the quality and thickness of the concrete cover are inadequate, brack-
‘'ish water or seawater, when used as mixing water, may create conditions that
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aggravate reinforcing steel corrosion. Saline mixing water tends to cause
dampness and surface efflorescence in the hardened concrete, and should not be
used where surface finish is important, or where the mortar or concrete is to
be covered with plastic or any decorative finish. It should also be noted
that saline water must never be used for mixing high alumina cement since it
has an adverse effect on the strength.

Organic impurities in water may retard setting and hardening of cement;
however, these impurities do not usually occur to an objectionable extent,
except 1n artificially contaminated waters. It 1s improbable that a water
uged for curing would attack concrete if it were the type suitable for mixing
water. Staining or discoloration of the concrete by curing waters should be
the principal curing water problem. Provisions should be made to retain and
recycle all water, when possible, at all steps of the concrete operation (see
Chapter 5). '

Facilities for water storage at the site of the aggregate and/or concrete
production must be provided. The mixing water storage should also -include:
provisions for water cooling to help the problem of temperature development in
fresh and new concrete.

4. Admixtures. There i1s a definite need for using water reducing,
retarding, and superplasticizing admixtures for reduced water requirements,
improved consistency, and extended working time. These will all have to be
brought into the area.

5. Mix proportions. Most concrete proportioning schemes are dictated by
the locally available materials which, for the problem at hand, are highly
variable. The existing technology for developing concrete mixture designs is
not considered applicable for proper approaches to mixture designs with
materials available in the Gulf area. Suggested proportions for producing
expedient concrete and mortar mix using locally available aggregates are pro-
vided in Chapter 7. '

6. Placing. The very hot temperatures affect the consistency of the
fresh concrete and make it very difficult to place. High temperature, winds,
and direct sunlight should be avoided. when -placing concrete. Lf pessible, the
concrete should be placed with the temperature below 90°F (33°C). Using ice
water or cool water will help lower the concrete temperature. If ice is used
to chill water for mixing, the ice should be melted when it leaves the mixer.
Doing concreting work at night should also be considered. The forms, rein-
forcement, and ground surface should be sprinkled with good-quality water, if
available, just prior to placement.

7. Finishing. There will be short finishing times due to the hot tem—
peratures and strong winds of the area. Shading and windscreens are a neces-
gity to prolong the finishing period and reduce evaporation from the concrete
surface. Concrete should be covered immediately after finishing with a tem-
porary cover (e.g., burlap) whenever available. The quality of finishing will
be marginal because the labor can be considered unskilled.

8. Curing. Troops seldom cure concrete but must do so in this area to

.-avold excessive and severe plastic and drying shrinkage cracking. The general
lack of water suggests that either curing compounds or curing membranes be
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used. These would have to be brought in. The concrete should be cured as
soon as posaible. The concrete should be uncovered in small sections immedi-
ately prior t.: applying the curing compound. Any water suitable for mixing
concrete can also be used to cure it. As noted above, windscreens and shades
would also be a great help.

6.3.2.3 Concrete Block Production:

1. Raw materials. Basic materials required for concrete block produc—
tion are:

a. Portland cement: sulfate-resistant and low-heat cements, if avail-
able.,

b. Aggregates: fines and coarse aggregates such as coral cinders,
expanded shale, sand, gravel, clay, slag, and others.

Cs Water.
d. Other agents which may or may not be added:
- Hydrated lime
- Pozzolans
- Other constituents, such as air-entraining agents, pigments, etc.

2. Manufacturing process. Concrete block may be manufactured with a
variety of equipment. Large complex stationary block production machines,
simpler mobile "egg laying™ block machines, and hasic hand~operated equipment
may be used to produce block. In each case, relatively dry concrete is tamped
in a mold which is immediately stripped off, and the procedure is repeated
again and again. The basic process, in each case, is similar and 18 as
described below and shown in Figure 6.4.

a. Prepare a well-graded mix of fine and coarse aggregates. A recom-
mended ratio of aggregate to sand is 7 to 4 by weight. Crushed aggregates are
generally better than rounded particles.

b. Make sure aggregate is clean. Wash, 1f necessary.

¢+ Mix the aggregate. Add the cement, water, and any other necessary
additives; complete mixing. Mixtures for concrete block will vary with the
purpose of the block. However, a possible mix ratio by weight of cement to
aggregate 18 1:4 or 1:5. A good water/cement ratio 1s about 0.3 for a 1:4 mix
ratio and 0.38 for a 1:5 mix ratio.* The primary objective 1s to achieve adequate
strength with minimum density. Depending on the type of aggregate, a standard
block (8 x 8 x 16 in. [200 x 200 x 400 mm]) can weigh from 25 to 50 1b (11.4
to 22.8 kg).

* Ronalu Terrel and Mushtag Ahmed, "Mortarless Block Construction for Develop-
ing Countries,™ Housing Science, Vol 3, No. 5 (1979), p 327.
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Figure 6.4, Concrete block manufacturing process.
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d. Mold aad compact the concrete with a block machine or by hand with
metal molds.

e, Cure the block, either naturally or in steam rooms. Steam cure the
block at 125°F (52°C) for a period of 15 hours or naturally by protecting from
the sun and keeping it damp for 7 days. For indigenous sources, refer to the
listing of some Middle East concrete block plants in Chapter 10.

3. Dimensions. Blocks can vary greatly in size from region to region,
but the most common size 18 the 8 in. x B8 1in. x 16 in. (200 mm x 200 mm x
400 mm) hollow block. However, block machines may be adjusted, by simply
changing molds, to make almost any size block.

4. Labor requirement for manufacture. The labor required to manufacture
concrete blocks depends on the equipment available for production. If a
large-scale concrete block production plant is available, as many as 60 blocks
per minute, depending on the equipment, could be produced with little labor.

A smaller mobile "egg laying” block machine might produce somewhere between 24
and 48 blocks per minute, with several men required to operate the equipment.
Manual production will make less than the "egg laying” equipment per unit
man-hour, and will require many men to produce a significant number of blocks.

6.3.2.4 Binding Agents for Concrete Blocks:

Typically, cement mortar is used as a binding agent, but several "other
materials, such as sulphur, lime, and cement coatings, may be used. Extremely
temporary shelters can be erected without a binding agent. However, most
modern construction utilizes a portland cement mortar. Each block is bonded
to the foundation with a thin joint of mortar and each succesaive block 1is
bonded to the wall with a layer of mortar, until the wall is completed to the
desired height, usually no more than one story tall (approximately 8 to 12 ft
[2.4 to 3.6 m)). A recommended range of cement mortar -- mixes of cement to
lime to sand in the proportion 1:1:6, 1:2:6, 1:3:12 by volume -- will provide
adequate bonding for most situations. However, in situations where tradi-
tional block construction using cement mortar for bonding is not desirable,
other types of bonding may be used.

A concrete block wall can easily be bonded with a mixture of sulphur,
fibers, and plasticizer, or with a cement-based coating. First, the bottom
row of blocks 18 bonded to a concrete foundation by pouring the molten sulphur
mix or cement coating into the cavities of the hollow blocks, bonding each
block to the foundation. Next, each following row of blocks 1s stacked up dry
on top of the lower row until the desired wall height 1s reached. If extra
strength 1s desired, steel reinforcement may be added by placing steel rods
vertically through the cavities of the hollow blocks. Then the sulphur mix 1s
either brushed or sprayed over the joints, or sprayed over the entire surface.
The cement~baged coating 1s sprayed over the entire surface of the wall. The
sulphur mix must be applied quickly to avoid unwanted hardening due to fast
cooling. Sulphur-surface bonding and cement-based coating produce a wall
which is as strong as, or stronger than, a standard masonry wall.

Lime-baged mortars were the most prevalent before the introduction of

modern cement mortars. The lime-based mortars are a combination of burnt
lime, water, and possibly pozzolanas. The pozzolana reacts with nonhydraulic
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lime in a water medium at ordinary temperatures to form a cement. In some
areas of the Middle East this mortar is still used. It is applied with a
layer of mortar between each block, producing a strong steady wall.

Fast setting of concrete and greater initial shrinkage in desert regions
wmake the location of construction joints in concrete masonry more c¢ritical
than in cooler climates. Thus to prevent any potential problems, the follow—
ing steps should be taken: provide vertical control joints in the walls,
reinforce horizontal joints, and provide bond beams at appropriate locations.
The following table gives the appropriate spacing for concrete masonry wall
joints.

Concrete Masonry Wall Joint Placement

Maximum Spacing of 16 ft (5.0 m) 20 ft (6.0 m) 23 ft (7.0 m) 26 ft (8.0 m)
Control Joint* or 2 H or 2.4 H or 2.6 H or 3.2 H
Vertical Spacing of No reinf. 24 in. (60 cm) 16 in. (40 cm) '8 in. (20 cm)
Horizontal Joint required ctoc ' ctoc ‘c toc
Reinforcement+

H = Height of the wall

* = Spacing shall not exceed the smaller of the dimensions shown.

+ = Joint reinforcement shall include two or more longitudinal steel wires,

minimum total area = 0.0346 sq in.

In the case of extremely temporary shelter, wide concrete blocks or slabs
can be used as a2 foundation, and concrete blocks can be stacked on top of the
foundation to form the walls. It 1s suggested that this type of shelter be
used only in emergencies or in very temporary situations. Also, it is sug-
gested that the height of a stacked block wall be kept as low as acceptable.

6.3.2.5 Concrete Block Construction:

1. Advantages:

a. If blocks are available in large quantities, concrete block construc~
tion can be cheap, quick, and durable.

b. Sulphur, an efficient bonding material for concrete blocks, is a
byproduct in oil and natural gas refining, and is stockpiled in many refining
areas of the Middle East.

c. Properly made concrete blocks have high compressive strength.

d. Blocks may be produced by manual labor or by many different mechani-

cal means. In rural or field areas, it may be especially important to be able
to produce construction material with no more than manual labor.
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2. Disadvantages:

a. Cement required for the production of concrete block may not be
available.

b. The time required to produce and cure concrete blocks may be prohibi-
tive.

c. In earthquake-prone regions, standard block construction can be prob-
lematic due to its inability to withstand strong lateral forces.

d. Proper aggregates may not be available.
6.3.3 FEarth Systems
6.3.3.1 General:

The use of earth for building construction results partly from the scar-
city of wood and other construction materials. Also, earth construction is
easy and has high insulation value against both heat and cold.

Earth buildings are structurally sound and durable enough for many
regions. They are dry, fireproof, soundproof, cool in summer, and warm in
winter. The cost of building the wall is low, the principal expense being the
labor force, primarily unskilled labor. There are some kinds of mud that make
stronger structures than others, and some construction techniques that apply
better to some kinds of mud. Thus the type of construction method will be
affected by the type of soil available.

Organic soils are the least suitable for earth construction; a combina-
tion of two types of solls is ideal: sandy clays or clayey sands. However,
in very dry regions, clays are best. There are several types of construction
methods for earth building: adobe, baked clay, sand shale, and stabilized
801l bricks are common types. Methods of making adobe and stabilized soil
bricks, as well as construction methods using these materials, are described
below.

6.3.3.2 Adobe:
The raw materials for making adobe are:

l. 50ils -- mix of clay, sand, and very fine silts. A recommended pro-
portion of soils 1s approximately one-third each of clay, sand, and fines.
However, this 1s only a guideline, and the proportion will vary with different
types of soils. The blocks made with high sand content soils will crumble and
erode easily, whereas the blocks made with very high clay content soils will
shrink and crack too much. The best way to test solls Is to make a test
brick.

2. Agricultural materials —— crop residues are sometimes used, but are
not recommended.

3. Water.
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Soil suitable for making adobe bricks exists over a wide area of the Mid-
dle East. Adobe has been the chief construction material in SWA for centu-
ries; thus, wherever there are populated regions, there should be a source of
adobe nearby. However, in some remote regions, such as deserts and salt
playas, no adobe dirt can be found.

The basic procedure for making adobe brick is as follows (see Figure
6.5):

1. Form a8 mixing pit or use a mechanical mixer such as plaster mixer or
pug mill suitable to mix enough mud for the forms that will be used.

2. Place adobe dirt in the pit and mix with water and, 1if desired, crop
residues.

3. Mix the mud thoroughly by hand or by a mechanical mixer.

4. Put the forms on level ground and place a fine layer of sand, straw,
or paper under the molds to facilitate removal of dried bricks.

5. Add the adobe mixture and smooth it level with the top of the form.

6. The adobe mud should be stiff enough to keep the bricks from slumping
too much, yet plastic enough to conform easily to the mold shape.

7. Pull off the forms and let dry several days before standing them on
edge to complete drying, approximately 1 to 2 weeks.

8. After the bricks are completely dry, they may be immediately used, or
stacked and stored. They should be stacked on edge, and no more than three or
four high to minimize breakage. If the bricks are going to be stored for a
long time in the open, it may be desirable to cover the bricks with a water-
proof sheet of plastic or tar paper.

Before proceeding with large-scale production of bricks, several test
‘bricks should be made to determine whether the mix proportions are satisfac-
tory. Test bricks made should be able to withstand dropping from a couple of
feet after completely drying. If the block is not satisfactory, the mixture
must be adjusted by either adding clay, reducing sand content, adding crop
residue, or tempering (allowing the mixture to soak overnight, for instance).

There are no specific dimensions for adobe bricks. Some suggested sizes
are 14 x 10 x 4 Iin. (355 x 150 x 102 mm), 8 x 4 x 4 in. (200 x 100 x 100 mm),
and 12 x 6 x 4 in. (300 x 150 x 100 mm). Somewhere within this range, a block
size satisfactory for most situations can be found.

The properties of the block will depend on the type and amount of sand,
silt, clay, and crop residue in the mixture. But mud bricks, in general, have
low compressive strength, low weathering resistance, and high thermal insula-
tion value.

Adoue brick production is a labor~intensive process, when rapid produc-

tion is desired. It is an imposing, time-consuming task to manually mix
énough mud for an entire building. Although, if neceasary, only a few people
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Figure 6.5. Adobe.
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could complete the job in an expanded time frame. For instance, according to
Little in Demonstration of Stabilized Mud Brick in Egyptian Village Housing,
three people can manually produce eight bricks per minute.* Thus, the more
manpower, the more rapldly the blocks can be produced, provided adequate
volumes of raw material are available.

The chief use of adobe brick is as a load-bearing wall component. Adobe
brick has been the major building unit in the Middle East for centuries. In
fact, most rural construction in the Middle East consists of adobe brick con~
struction. However adobe brick, as all other types of brick, may also be used
in infill construction, which is covered later.

Basfc adobe construction starts with the foundation. Refer to Figure
6.19 for details of the foundation, wall, and roof. A complete poured con-
crete glab, concrete footing, heavy concrete block, or rock may be used as a
foundation. The complete poured slab will be the most stable, and the rock
foundation the least stable.

In reglons where freezing and thawing will occur, it is imperative to get
the footing below the frost line so that heaving and buckling of the founda—~
tion will not occur. To help strengthen the foundation, steel reinforcing, if
available, may be added. But in regiones where there is little or no chance of
freezing or thawing, such as hot desert climates, there is little neced for a
deep footing.

Next, a stem to raise the wall above the footing must be added in all
areas where water, either surface drainage or groundwater, will be a problem.
This is important since water will destroy an adobe wall. Poured concrete or
concrete block filled with concrete or earth may be used to build a stem. It
should be high enough above ground level to keep the adobe away from water.

If concrete block filled with earth is used as a stem, a cap of concrete
should be added to the top of the stem to prevent capillary action of ground-
water up through the earth in the stem. If desired, reinforcement may be
.added to increase the strength of the stem. If necessary, rock may be used as
a stem; most early adobe buildings did use this material.

If rock is used as a stem and mud as a mortar, the rocks.should be- flat
to prevent settlement of the foundation and stem caused by the shifting of
uneven rocks when the mortar gets wet. Concrete mortar will alleviate this
problem 1f it 1s available.

Finally, the adobe wall is added to the top of the stem. Traditionally,
mud mortar is used as a binding agent, but cement or lime mortar can also be
used (Table 6.2).

If desired, extra strength may be added to the wall by using steel, wood,
or bamboo reinforcement when available. However, standard adobe construction
in regions that are not earthquake prone does not require any special rein-
forcement -~ unless, for some other reason, unusually high lateral loads are

* Arthur D. Little, Demonstration of Stabilized Mud Brick in Egyptian Village
Housing (Cambridge, Massachusetts, Technical Cooperation Administration,
1961).
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Table 6.2

Mortara

Cement mortar..se..... 1l cement, 2-1/2 to 3 sand (by volume), 1-1/2 gal
asphalt emulsion per sack of cement.

Cement-line mortar.... 1 cement, 1 hydrated lime, 4 sand.

Cement-soil mortar.... 1 cement, 2 soil (use same soil that bricks are
made from), 3 sand, 1-1/2 gal asphalt emulsion
per sack of cement.

Adobe mort8r«..+s..+.. The same mixture as the bricks are molded from.
{(Slow-curing and requires working around the
building, laying no more than 2 or 3 courses
and allowing adequate drying time.)

anticipated. Wherever windows or openings in the walls are required, plans
should be made to provide support by using lintels (beams) over the top of the
openings.

When using mud as a mortar, do not lay more than about six layers of
bricks on any one day in order to prevent the weight of the bricks from
squeezing and compressing the mud in the joints before it sets. Adobe walls
are not extremely stable, so tie—beams should be provided at the top of the
walls to stabilize the structure. The thickness of exterior walls should be
12 in. (300 mm), or no less than one-tenth the wall height.

After the wall is complete, the roof must be added. Usually, roof beams
or joints are wooden; however, steel, concrete, or other materials could be
used if proper bearing plates are provided on the tops of the walls. lMany
types of roofing materials may be used. Lightweight materials, such ag woods,
sheet metals, corrugated asbestos cement sheets, and synthetics (plastic,

composites, etc,), are recommended due to the poor compressive strength of
the adobe,
The advantages of adobe are as follows:

= It is an indigenous material and is available over a wide range of
areas in the Middle East.

= It is cheap and has good thermal resistance.

- It is a simple material with which to work. Native labor would be fam-
iliar with and easily adapt to any construction project involving adobe.
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= It has simple production procedures.
The disadvantages are:

= It 4s not resistant to water. Groundwater or excessive precipitation
(>30 in./yr [762 mm/yr]) can easily damage it.

- It has poor earthquake resistance unless special reinforcement is added
specifically to resist lateral forces.

- Some areas of the Middle East —- for instance, deserts and salt playas
== do not have soil which could be used to manufacture adobe bricks.

- Adobe bricks have low compressive strength.

6.3.3.3 Stabilized Soill Bricks:

Although untreated adobe bricks have been used with varying degrees of
success, depending on the wemther and environment of a particular locality,
adobe bricks treated with stabilizer such as asphalt (rapid-curing road oil or
emulsion) have increased strength and durability, and will require very little
maintenance and upkeep.* The asphalt stablilizer treatment can be Jfncluded in
the existing methods of manufacturing sun-dried bricks with a winimum of spe-
cial equipment or skill.

Stabilized and unstabilized adobe bricks have essentially the same soil
requirements and can be made from a wide variety of soils. In general, soils
containing a high percentage of loam, silt, and organic matter are usually not
well-suited for adobe bricke. The soluble galts and organic material are
detrimental to the quality of bricks and should be avoided. Soils which con-
gist primarily of sand and clay are usually most satisfactory for adobe con-
struction. For stabilized brick, stabilizers such as cement, asphalt emul-
gion, and lime are used.

Specifications for soil to be used for stabilized adobe bricks usually
call for a range of 55 to 75 percent sand and 25 to 45 percent fines (silt and
clay). About 15 percent clay seems to be ideal. Sands are normally defined
as material particle sizes between a No. 4 and No. 200 sieve, 'and ftnes are:’
the material passing through a No. 200 sieve.

Soil suitable for making adobe bricks exists over a wide range of the
Middle East. Sources of adobe can usually be found wherever there are popu-
lated regions. However, In some remote reglons, such as deserts and salt
playas, no soil usable for adobe construction can be found. Availability of
stabilizers will depend on the locality; they may have to be imported.

The manufacturing of stabilized soil bricks is similar to the manufactur—
ing of adobe brick. The only difference is in the addition of the stabilizer
— asphalt emulsion, cement, or lime. Additional information about producing
stabilized bricks 1s provided below. ‘

* International Institute of Housing Technology, The Manufacture of Asphalt
Emulsion Stabilized Soil Bricks (California State University, 1978), p 8.
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1. Asphelt stablized brick.

a. Road oil stabilizer. Rapid-curing road oil (RC-250) is preferred to

medium-curing road oil (MC-70) because it permits a shorter drying period for
the bricks.

b. Determining the amount of stabilizer necessary. The amount of sta-
bilizer required for mixing can be determined by field testa. It is suggested
that one mixes several batches of soil with amounts of stabilizer varying from
1 percent to 3 percent for RC-250, or 2 percent to 6 percent for emulsion.
Three 2-in.-diameter x 2-in.-high (50.8 mm x 50.8 wm) and three 4-in. x 8-in.
x 16-in. (101.6 mm x 203.2 mm x 406.4 mm) bricks should be made from each
batch for compressive and modulus of rupture tests, which can be done by using
the set-up shown in Figures 6.6 and 6.7.

If the amount of stabilizer required is greater than 3 percent for RC-250
or 5 to 6 percent for emulsion, the soil probably will not be satisfactory for
brick making because of excessive cracking.

c. Mixing devices and facilities. It 1is suggested that a power mixer
(such as a pug mill or plaster mixer) be used for making stabilized brick
since it will assure a more ,uniform mixture consistency. If a power mixer is
not available, hand tools such as hoes, rakes, and shovels may be used. A
cement mixer is not suitable for mixing adobe brick mud. A mixing device hav-
ing a rotating shaft with paddles attached, which may be locally produced, is
best for proper blending of adobe ingredients.

TOTAL LOAD ON SPECIMEN =!A‘L’ + WT. OF LOAD BEAM (50¥ APPROX)

Figure 6.6. Compressive strength test set=-up.
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Figure 6.7. Modulus of rupture test set-up.

Adequate space must be provided for both mixing and drying. The brick
drying area must be level and provide enough room for the number of adobe
bricks being produced. The surface of the drying area should contain a layer
of sand, straw, or paper (which is preferable) placed under the molds to
facilitate removal of dried bricks.

d. Basic mixing procedures using mechanical equipment. Screened soil is
placed in the mixer. Water is then gradually added to the soil while the mix-
ing shaft is turning. While the soll is being thoroughly soaked with water,
asphalt stabilizer is added to the mud and mixed until no dark streaks of
asphalt are visible in the mixture. More water is added and mixed into the
‘mud until the thoroughly wet adobe has a thick plastie consistency.

To determine the proper molding consistency, a groove can be cut in the
mixed mud (small test pats about 1/2-in. [12.7 mm] thick) with a V-ghaped"
stick. If the sides of the groove are not smooth, more water is required in
the mixture. If the groove closes, the mixture is too wet and more dry soil
is required. If the sides of the groove are smooth and bulge out, the mixture
containg the proper amount of water and soil.

e. Hand molding. The mixed adobe mud is carefully dumped from the
wheelbarrow into the compartments of the brick mold. The mud is then worked
into all portions of the compartments to form smooth brick surfaces. After
the top of the model has been smoothed and leveled by hand or with the
straight edge of a plece of wood, the mold is carefully lifted from the brick.

f. Drying bricks. A hot, dry climate over long periods of time is most
favorable for curing stabilized adobe bricks. However, on very hot; dry, or
windy days, when rapid surface drying occurs, bricks may crack. Paper or
Btraw protective covering on the wet bricks will slow down the drying process.
After the bricks have dried for a few days, they will be strong enough to be
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turned on one edge to promote drying. Normally, it will take about 30 days to
dry bricks thoraughly. However, one can determine when bricks are ready for
use by selecti:; samples at random, breaking the bricks in half, and examining
their centers for dryness.

2. Cement gtabilized soil brick. The mixing of the soils for cement
stabilized bricks is somewhat similar to that for asphalt bricks, but the
forming of the brick is quite different. The mixing procedure begins with the
selection of the proper soil, according to Table 6.3.

Once the soil is selected, it should be crumbled up and sieved through a
No. 4 (5-mm) sieve. It can be mixed either manually, or mechanically in plas-
ter mixers. Four to eight percent cement ghould be added to the soil. Also,
enough water should be added to get the sofl to about 12 percent moisture con-
tent. After thorough combining, the mixture is ready. Next, the bricks can
be formed in blockmaking presses. There are two basic types of presses: con-
stant pressure and constant volume. With constant pressure machines, reduc-
tion of the volume of soil placed in the machine will result in the reduction
of the size of the block produced. However, with comstant volume machines,
reduction of the volume of soil placed in the machine will result in under-
compacted blocks of low density. Once the block is formed it should be
alloved to cure for several weekB. The resulting strength of the block 1is
directly related to the pressure used to compact the block. Typical strengths

Table 6.3

Property Limits*

Areas of Rain Over Area of Medium or
Properties 30 in./yr Low Rain
‘Distribution by weight:
Sand Not less than 33% Not less than 40X
Clay 5-20% 5-30%
Tdeal moisture 10-14% 7-16% .
content
Grain size distribution:
Clay, loanm Not more than 302 -
Sand, gravel Not less than 70% -

*Aziz Girgis and M. El-Hifnawi, Rural Low Cost Housing: Bricks and Wall Units
Industry in Egypt (Cairo, General Organization for Housing Building and Plan-
ning Research), p. 43.
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range from .15 ksi to 5.80 ksi (1.0 MN/n? to 40 MN/m?) for stabilized soil
blocks.® Once cured, the blocks are ready for use.

3. Lime-stabilized scil brick. Lime-stabilized soil brick production 1is
quite similar to that for cement-stabilized soil bricks. Once the soil has
been selected according to specifications stated in the cement-stabilized sec-
tion, test bricks containing a range from 2 percent to & percent lime should
be made. Several moisture contents in the 12 percent to 20 percent range
should also be tried. Once the optimum percentages of lime and water are
established, mass production should proceed with the same steps as in concrete
stabilized soil bricks.

The properties of stabllized soil bricks will depend on the type and
amount of soils, stabilizers, and water in the mix. Asphalt-stabilized bricks
tend to be more water-resistant than cement- or lime-stabilized bricks —

unless high compaction pressures, »2.32 ksi (>1é6 MN/mz), are used in the pro-
duction of stabilized soil bricks.

The labor required to produce asphalt-stabilized bricks is identical to
that required for adobe brick production: 1if large volume 1s desired, a large
amount of labor will be required. The labor required for production of cement
or lime stabilized soil bricks will depend on the equipment available. If
many blockmaking presses and much labor were available, large volumes of block
could be produced. Approximately two to three people per blockmaking press
would be required to optimiig production.

The primary use of stabilized soil brick is as a load bearing wall com-
ponent and as a non-load-bearing component in infill construction. The basie
procedure for construction with stabilized soil brick is the same as that used
for adobe construction; refer to paragraph 6.3.3.2.

Stabilized soil brick is advantageous because:

- Most of the material used is indigenous

It is inexpensive

It 1is durable

]

It is more waterproof than standard adobe

It provides good insulation.
Stabilized soil bricks have several disadvantages:

- They have poor earthquake resistance unless special reinforcement is
added specifically to resist lateral forces.

* M. G. Lunt, Stabilized Soil Blocks for Building (Garston, Watford, WD27JR,
Building Research Establishment, 1980}, p 11.
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~ Some areas of the Middle East, for instance deserts and salt playas,
are totally devuild of any soil which could be used to manufacture adobe
bricks.

— The time required to produce and cure stabilized bricks may be prohibi-
tive.

= Thelr properties vary due to varlations in types of soils.

Cement-required for the production of cement-stabilized brick may not
be available.

- In earthquake-prone regions, standard block construction can be prob-
lematic due to its inability to withstand atrong lateral forces.

6.3.4 Sulphur Concrete

Instead of using Portland cement to bind sands and aggregates to produce
Portland cement concrete, sulphur can be used to produce sulphur concrete.
Materials and methods for producing sulphur concrete are described below:.

Elemental sulfur: dark grade, standard bright grade, or
laboratory grade

Aggregates: Coarse
Fink
Modifiers: Dicyclopentadiene (DCPD)

Dipentene (DP)
Oligomers (heavier fractions from DCPD manufacturer)

Traditionally, sulphur sources are located underground in regions of past
or present volcanic activity. However, today more and more sulphur 1is being
produced as a byproduct of the desulphurization of oil, natural gas, and power
plant emissions. It is estimated that by the year 2000, 85 to 90 percent of
all sulphur production will come from secondary sources such as power plant
scrubbers and refineries.* Thus, the Middle Eagt region is inadvertently
becoming a large producer of sulphur. Large volumes of sulphur are currently
being produced and stockpiled near oil and natural gas .refinery areas. In
addition, several areas of the Middle Eagt are also large mined-sulphur pro-
ducers.

The availability of aggregates varies from reglon to region of the Middle
Bast. In certain areas, such as salt playas and sand dunes, many types of
aggregates may be nonexistent. However, sulphur concrete will allow the use
of chloride- and sulphate-containing aggregates, which may be unsuitable for
portland cement concrete. It 1s generally suggested that each aggregate sys-
tem considered should be evaluated for its compatibility with sulphur and
modifiers. Some aggregates may be unacceptable since they react chemically
with gsulphur. Also, aggregates that contain swelling clays are not suggested.

* "[J,S. Bureau of Mines Transfers Sulphur Concrete Technology to Industry,” in
Sulphur Research & Development, ed. J. S. Platou (Washington, D.C.: The
Sulphur Institute, 1979), p 5.
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In general, limestone aggregates give higher strength and better freeze-thaw
resistance, and quartz aggregates give better corrosion resistance.

Modifiers are used in sulphur concrete to correct two problems: brittle-
ness and combustibility. A commonly used modifier, dicyclopentadiene (DCPD)},
corrects both of these problems. Other commonly used modifiers are dipentene
(DP) and oligomers, which are heavier fractions from the manufacturing of
DCPD.* Since these are modern commercially produced chemicals, it may be
assumed that any large quantity of modifier required in the Middle East will
have to be shipped into the area.

During manufacturing, modifiers must be added to optimize the performance
of sulphur concrete. However, when considering comstruction for short dura-
tions, it might be conceivable to use unmodified sulphur to produce sulphur
concrete. According to research done by John M. Dale, elemental sulphur has
reasonable structural properties of its own. The following chart 1s a section
of a test data chart produced by Dale.**

LABORATORY TEST DATA
(Specinmen. Age at Test is 1 day)

Grade Tensile Strength Compressive Strength Modulus of Rupture

of Sulphur (Avg) psil (KN/qE) (Avg) psi (KN/m®) (Avg) psi (KN/mz)
Dark 147 (1014) 3030 (20891) 275 (1896)
Standard Bright 178 (12B7) 3010 (20753) 108 (745)
Laboratory 163 (1124) 3430 (23649) 113 (779)

The strengths exhibited in the above tests show that reasonably good
strengths can be achieved with sulphur alone. Thus even if only sulphur were
avalilable, sound structural materials could be developed. However, unmodified
sulphur does present some problems. Elemental sulphur is not fire-resistant,
and it tends to be brittle. In addition, when sulphur burns it produces harm-

" ful gases such as hydrogen sulfide and sulphur dioxide.

But 1if modifiers and modifying equipment are not available, unmodified
sulphur concrete could be the only solution. The first step-in using unmodi-
fied sulphur 18 to acquire the raw materials. Then, melting equipment 1is
needed. This typlcally consists of a standard concrete mixer with liquid or
gas burners located around the drum. Liquid propane (LP) gas, natural gas, or
any other fuel source can be used to heat the drum. The only problem that
arises from using conventional concrete mixers is from the additional heat
transferred from the hot drum to the grease in the bearings of the unit. The
bearinge must be closely watched and lubricated liberally 1f the grease starts
melting.

®* "U,S. Bureau of Mines Transfers Sulphur Concrete Technology to Industry,” in
Sulphur Research & Development, ed. J. S. Platou (Washington, D.C.: The
Sulphur Institute, 1979), p 5.

#*J ., M. Dale, "Determination of the Mechanical Properties of Elemental Sul-
fur,” Materials Research & Standards, Vol 1 (January 1961), p 25.
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Once the proper raw materials and equipment are located, the production
of unmodified sulphur concrete can proceed. The aggregate is added first to
the mixer anz 1is brought up to the desired mixing temperature range of 266 to
302°F (130 to 150°C). A mix of 25 percent sulphur and 75 percent aggregate
can be used.* However, the most effective method would be to try several
mixes with different sulphur and aggregate ratios.

The sulphur should be allowed to thoroughly melt and wix with the aggre-
gates. Then the mix is ready to pour. Either poured-in-place sulphur con~-
crete or sulphur concrete block can be formed with the mix. If sulphur con-
crete blocks are desired, metal molds that can be separated must be acquired.
Molds that produce interlocking block or standard 8- x 8- x 1l6~in. (200- x
290- x 400-mm) structural block may be used. The insides of the mold should
be lightly oiled before adding the sulphur concrete. The sulphur concrete
blocks will achieve full strength in about 1 hour; however, they can be
removed from the molds in as few as 10 wminutes after casting.** Thus, with
only a few molds, fairly rapid production can be achieved.

Paured-in-place sulphur concrete 1s placed like ordinary concrete, but
due to the quick hardening of the sulphur, the mixture must be quickly worked
into place. In approximately 1 hour the sulphur concrete will reach full
strength. Poured-in-place sulphur concrete is excellent for foundations,
footings, slabs, and other structural materials.

1f modifiers such as DCPD are available, it would be extremely beneficlal
to incorporate them into the sulphur concrete mix. When modifiers such as
DCPD are added in adequate quantities, the sulphur concrete becomes fire-
resistant and flexible, The addition of 2 percent to 5 percent DCPD modifier
is a reasonably complex chemical reaction which requires that the temperature
aot exceed 2849F (140°C). If the temperature exceeds 284°F (140°C), the mix
@ay become stiff and rubbery. The advantages of using modified sulphur cement
are exemplified in the properties given in the chart below.t

Sulphur concrete can be poured in place like ordinary portland concrete,
or any size block can be formed if the proper mold is available. . Labor
required to pour sulphur concrete would be similar to that for portland cement
concrete. If mixing equipment is available, men will be needed to load and
operate the equipment and to transfer the sulphur cement to the work site.
Also, men will be needed to work the cement into place. If sulphur cement
blocks are going to be produced, the labor required will vary depending on the
production volume desiread.

* Alvaro Ortega, "Sulphur Concretes in the Arabian Desert,” in Sulphur
Research & Development, ed. J. S. Platou (Washington, D.C.: The Sulphur In-
stitute, 1979), p l4.

**Alvaro Ortega, "Sulphur Concretes in the Arabian Desert,” in Sulphur
Research & Development, ed. J. 5. Platou (Washington, D.C.: The Sulphur In-
stitute, 1979), » 14.

+ From William C. McBee and Thomas A. Sullivan, Development of Specialized
Sulfur_Concretes, Bureau of Mines Report of Investigationms 8346 (Washington,
D.C., U.S. Departrent of the Interior, 1979), p 12,
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Properties of Sulphur Concrete Materials

Aggregate Sulphur Strength, psi Specific
(pet) Compresaive Flexural Tensile Gravity
Silica 24 5075 845 730 2.3409
Silica 26 7280 905 830 2.4012
Silica 22M1% 5310 1220 775 2.2132
Silica 24M1 6120 1335 760 2.2306
Limestone 22 | 6740 700 795 2.4762
Linestone 24 6855 810 760 2.4974
Limestone 21M1 7990 1235 815 2.4364
Limestone 2341 9020 1330 895 2.4281

wyl designates sulphur that has been reacted with 5 percent dicyclopantadiene.

Sulphur concrete can be used to form block or poured-in-place structures.
Sulphur concrete block may be used as a load bearing wall component or as a
non-load bearing component in infill construction.

The basic procedure for conmstruction with hollow 8- x 8- x 16-in. (200- x
200~ x 400-mm) sulphur concrete block is the same procedure used in concrete
block construction. Cement mortar, lime mortar, or sulphur bonding may be
used to join the block. If interlocking block is used, little or no bonding
may be required. '

The procedure for sulphur concrete poured-in-place construction is ident-
ical to the procedure for portland cement construction, except quick cooling
of the sulphur concrete will create gome problems.. Therefore, -special con-
sideration will have to be given since sulphur concrete will cool quickly and
thus set up before being worked into place.

The advantages of sulphur concrete are as follows:

~ Sources of sulphur are plentiful in the Middle East

The blocks have good compressive strength

Only sulphur and aggregate are needed to produce blocks

The blocks are waterproof

= Sulphur can be stored outdoors with no loss of value
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- Sulphur concrete can easily be recycled by simply reheating.
The disad~aatages of sulphur concrete are as follows:
- Unmodified sulphur concrete can burn and produce noxious gases

- Modified sulphur concrete can melt and therefore is unsatisfactory for
any structure which would normally experience temperatures above approximately
2349F (1139C)

- Conventional cement and asphalt equipment can be used but must be
adapted to sulphur concrete

- Separable ceramic or metal molds are required to produce blocks

- Modifiers are required to produce a sulphur concrete which will not
burn or fail in a brittle manner

- Modifiers will probably not be available unless they are shipped and
brought to the area where they will be used.

6.3.5 Other Local Construction Materiale

6.3.5.1 Sand-Lime Brick:

Sand-lime brick can be found in some parts of the Middle East, such as
Kuwair and Qatar. It is made of gilica sand, quick lime, and water. Blocks
vary greatly in size from region to region, but several common sizes are 222 x
108 x 66.7 mm, 250 x 130 x 60 mm, and 222 x 108 x 139 mm. The chief uses of
sand-lime (calcium silicate) brick in the Middle East are as both non-load-
bearing and load-bearing wall components. However, in load~bearing applica-
tions, the structure is usually not over one story tall. Sand-lime brick may
also be used in infill construction.

6.3.5.2 Stone Block:

Many different types of stone can be found throughout the Middle East.
Limestones are common in Israel and Egypt. Sandstones also are common in
Israel. Many types of stones, such as limestone, sandstone, dolomite, .and
marble, are presently mined in many areas. Thus, in addition to untapped
natural stone sources, there are operating quarries throughout the area.

Stone block may be used for many purposes, but mainly stone blocks are used as
load~bearing wall components. Stone blocks may also be used in infill con-
struction as wall fillers. The basic procedure for constructing a stone block
‘building is similar to the procedure used in adobe construction.

6.3.5.3 Wood:

In general, it is safe to assume that no wood will be available for major
construction projects in the Middle East. In fact, however, some woods may be
available in some parts of the Middle East. The natural habitats of deciduous
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and coniferous trees suitable for sawn timber are located in the mountains and
highland plains of Afghanistan, Pakistan, Iran, and Turkey. International
trade statistics* and individual country surveys** show that forestry and wood
conversion industries exist in these countries, although 1t cannot be assuwmed
that supplies of sawn timber are necessarily available. Pakistan is attempt-
ing reforestation, although some earlier plantations have been destroyed for
firewood.

The coastal and low-lying areas of the region are sources of roundwood
from palm trees of various species. These areas support the growth of
coconut, oil, and especially date palms —— the basis of a diversifying agri-
cultural industry. Although unsuitable for sawn timber, palm tree trunks have
always been a traditional building material, uSed for columns and as floor and
roof beams.

Small roundwoodas, called "bally poles"” in Iran, varying in diameter from
about 2 to 6 in. (51 to 152 mm), are used traditionally for rafters, purlins,
and posts. They come from a local poplar-like tree, and thus are generally
straight and duitable for these purposes.

Wood is not normally recommended in hot, dry regions of ‘SWA because it 18
unavailable locally and much would be wasted due to the combination of high
solar radiation and low humidity. However, if lumber is imported for con=-
structing some of the required buildings, such as AFCS facilities, certain
steps may be taken to minimize the problem. These steps are given below:

l. Utmost care must be taken to limit waste due to cutting, etc. For
instance, a centralized cutting yard may be used.

2, If wood is used, the studs must be used as Boon as the bands around
the stud package are broken to reduce wood stud loss caused by warping. (Do
not untie the bands until the studs are ready to be used.)

3. The frame muast be wrapped immediately with some material to shield it
from the sun's direct rays to prevent warping and cracking.

4. Sidings should be installed as soon as wall framings are completed.
5. A raised foundation which requires wcod .normally is not recommended.

6.3.5.4 Pole Construction: Figure 6.8 1llustrates the construction of the
main frame of a building utilizing roundwood poles embedded in the ground.
The advantage of pole construction is that the cantilevered poles reduce the
need for bracing, which i3 important when the building contains no internal
walls. Spacing of the poles will be determined by the enclosing wall system
selected,

6.3.5.5 Roundwood Roof Timbers: The use of tree trunks and large poles 1s a
traditional form of floor and roof support in the Middle East. Figure 6.9
illustrates a cantilevered timber floor in an urban house in Iraq. Roof

* Foreign Trade Statistics of Asia and Pacific (United Nations, 1978).
**The Middle East and North Africa 1981-82: A Survey and Directory {(London,
Europa Publications Ltd., 1981).
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Figure 6.9. Traditicnal floor construction (Irag).
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construction by this method will require heavy external supporting walls, par-
ticularly 1if the traditional method is carried out to the extent of using
packed earth, on bearers, for the roof itself. This method can be used with
masonry or thick adobe wall materials, or if the building is buried to some
extent,

6.3.5.6 Cement—-Asbestos Panels:

These can be used in conventional ways and as roof coverings. They are
more suitable than metal panels in the desert since there 1s less heat gain in
the material itself, and because they do not corrode. If used, they should be
insulated or shaded, depending on the application. Figure 6.10 shows an
application of cement—asbestos panels in which they are buried about 3 ft
(1 ®) in the ground to form cantilevered walls.

6.4 Prefabricated Structural Systems

Prefabrication 1s production of buildings or parts of buildings before
their installetion on the site. Prefabrication may be used for expediency,
efficiency, or convenience when applicable. Prefabrication can take place in
highly mechanized factories but also at temporary locations with minimal
equipment and protection, as circumstances dictate.

— I

— -

Figure 6,10, Cement-asbestos panels.
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In some countries of the Middle East, there 18 considerable experience
with prefabrication, including Israel, Turkey, Kuwait, and Saudi Arabia; new
prefabricating plants are constantly being established at industrial centers
and construction sites throughout the region as the market demands. Prefabri-
cation in certain Middle East locations 1s as common as on-site or “conven—
tional”™ construction. Therefore, locally produced prefabricated buildings
should be investigated for possible use in a base development.

Another problem common to lightweight structures is the desert wind which
can reach almost hurricane force in some regions. It is essential to anchor
buildings securely to the ground with cables and ground anchors.

Caution must be used, however. Although prefabricated relocatable build-
ings used for offices or barracks generally are lightweight, and their walls,
rocf, and floor systems are adequately insulated, they will function well and
provide comfortable working or living quarters only if they are cooled mechan-
ically. Without mechanical cooling, the interior temperatures will rise above
the outside air temperature and’ become intolerable during some parts of the
day due to high solar radiation and heat generated by the occupants (see para-
graph 6.2.5).

6.5 Tents

6.5.1 General

Tent, General-Purpose, Medium, and Tent, General-Purpose, Large are two
of the tents procured and available from depots for rapid issue. Tent,
Extendable, Modular, Personnel (TEMPER tent) is being developed and ultimately
will replace the medium and large general-purpose tents. Although the TEMPER
tent has greater flexibility for use in different environments, the informa-
tion detailed here covers expedient modifications to improve the use and habi-
tability of the general-purpose tents in a desert environment. Information on
the TEMPER tent 1s also provided.

Tents can be very undesirable quarters in the desert because of high
s0lar radiation, desert winds, and irnsects. However, tents aré required for
the initial stage of military operations. To make tents more habitable, dou=-
ble roofs should be used, and the outer roof should be painted in light color,
such as sand color when possible. Concrete floors under the tents can also
make them more comfortable.

6.5.2 Expedient Modificatione of General-Purpose Tents

The modifications detailed here can be procured and stocked as a kit, and
can be applied to the tent issued from depot stocks. The kit will consist of
a multicolored fly, 14 extenders, and a lightweight ground cloth or floor. A
liner must be used with the proposed kit to produce a more effective tent, and
must be requisitioned on a one~to-one basis for the teant. Figure 6.11 shows
the basic tent with the liner, extenders, and fly in position.

1. Multicolored fly. The fly must be made of a lightweight, vinyl-
coated fabric. One side is to be sand-colored for use when the temperatures
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will be in the normal desert range. The other side must be white to be used
in desert extremes. The configuration of the fly is shown in Figure 6.12.

2. Extender. The kit includes 14 extenders, which are to be used with
the fly to form an insulating air space between the fly and the tent roof top.
The extenders are used with the eave and door poles, as shown in Figure 6.11.
The basic concept of the extender 1g shown in Figure 6.13.

3. Ground cloth or floor. The kit includes a ground cloth which is to
be used primarily for protection against crawling insects and small animals.
The item must be made of a 12-o0z {(0.34-kg) forest-green, coated fabric. The
dimensions and configuration of the ground cloth or floor must fit the inte~
rior of the tent. 1Instead of using ground cloth, a concrete floor under the
tents can make the occupants more comfortable.

4. Use in desert environment. The tent, to be effective in a desert
environment, must make maximum use of the screens in the liner and in the
doors at each end. The fabric on each of the sidewalls must be separated at
the ends, rolled back, and tied in place at the eaves with the .ties provided.
The screens 1n each of the ends must be unrolled and positioned over the door
openings. The screens and fly will lower the temperature of the a‘r ir the
tent. See Figure 6.14 for an exawmple of tents used by the Egypel.n Aray in a
desert environment.

5. On-site fabrication of kit. The fly, ground cloth, or floor, and
extender can be made on-site by malntenance personnel if the requived basic
materials and equipment are provided. This may be a little difficult for the
fly, since the multicolored, vinyl-coated fabric must be rolled and stitched
to form the detaliled shape and slze. Grommets can be used at designated loca-
tions and tie ropes added. A machine shop i1s necessary to fabricate the
extenders. he tube must be cut to the proper length and the ends drilled to
accept the rod at one end and the pins on the poles at the other end. Welding
equipment is required to weld the pin to one end of the tube.

6.5.3 Tont, rpctendible, Modular, Personnel

The TEMPER tent can be used without modification in a desert environment.
This tent his two types of covers. The tropical/desert type has windows and
screens an each side and on both sides of the roof. For example, a 24-ft-long
(7.32-m) tent has 12 side and roof openings. Sidewall windows are complete
with screens, glass, and blackout flaps. Roof openings are provided with
roll-up weather flaps. Each end of the tent has two windows with screens and
glass, plus a door with a screen. A fly 1s also available in a basic 16-ft
(4.88-m) length; additional fly sections are each B ft (2.4 m) long.
Extenders are available for positioning the fly over the tent roof top. A
ground cloth or floor is available in elther a single layer or an insulated
floor with a foam encased between two sheets of coated fabric. A liner with
door or window openings is availabie. Another feature of the TEMPER tent 1is
the transition section. This makes 1t possible to develop a complete shelter
which does not require personnel to go outside. A single-layer ground cloth
or floor, plus the insulated floor and a frame-supported system are available
for the transition section. Also included 1s a flexible door for the open end
~of the transition section when it 1s not used for connecting two tents.
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Figure 6.13. Extender concept for tent, general-purpose, large and medium.
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Figure 6.14. Egyptian Army tents.

Figure 6.15 shows the TEMPER tent complete with a transition section. Figure
6.16 shows this tent configured for a complete field feeding system.

6.5.4 Ground 4drnchors for Tents

Sandy and rocky ground combined with high winds in the désert can cause
problems with pitching tents. Possible solutions to the problem are:

1. Use of the deadman anchor for cohesionless goil such as sand or
loose, silty soils. A deadman anchor consists of a steel rod or cable
attached to a mass such as steel plates, steel I-beam, pipe, concrete blocks,
etc., buried in the ground (Figure 6.17).

2. Use of corkscrew anchors if the required resistance force is not
large (the corkscrew anchor 1s more suitable for clay-like soil).

3. To provide anchorage in rock or rock-like soil, it is necessary to
bore holes in the rock and grout in anchor bolts.

4. Explosive charges can also be used to break up the rocks or hard
soils to install anchoring devices.

5. A wedge anchor embedded in an augered hole canm also be used for rocky
conditions.
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Figure 6.17. Ground anchors,

6.6 Facility Design Drawings

Plans, elevations, sections, and selected details of a typical 24-ft
(7.3-m) building are provided as an example for the block system construction
(Figures 6.18 through 6.20).
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Figure 6-20. Concrete block, precast concrete, and poured-in-place
concrete roof system,
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CHAPTER 7 - HORIZONTAL CONSTRUCTION

7.1 General

Historically, TO construction has played a paramount role in providing
the logistical support needed by U.S. combat units. Movement of these units
and support units within a theater depends on lines of communications (LOC).
Because of the limited number of existing roads and the difficulty of off-road
mobility in some desert areas, considerable effort may be required to con-
struct and maintain roads forward to maneuver units (FM 90-3, p 4-21). New or
rehabilitated roads and airfields are key elements in the mobility system (see
TM 5-330 and TM 5~337 [Cl]). In addition, engineer capabilities in horizontal
construction will be employed in excavation and construction of revetments for
amnunition and petroleum—oil-lubricants (POL) storage, and in the repair of
bomb-damaged or sabotaged airfields.

The harsh Mid-East environment presents critical horizontal construction
problems related to lack of water, temperature extremes, dust, lack of con-
struction materials, and soil conditions. Fine aggregate is generally abun-
dant; however, natural coarse aggregate is characteristic of the alluvial fan
and watercourse (wadi) areas. A positive note 1s that very little bridging,
culvert, and roadway drainage construction is required for LOC. Emphasis is
on getting the maximum use out of existing facilities.

To do this, it is necessary to have the capabilities to (1) repair bomb-
damaged or sabotaged runways, (2) build or rebuild adequate all-weather
traffic surfaces without bringing in large amounts of construction materials,
(3) control dust, (4) estimate the future effects of heavy and sustained mili-
tary traffic on road networks, (5) provide C-130 airstrips and heliports with
minimum essential construction efforts, and (6) build a limited number of
bridges (in some scenarios, perhaps none at all). In general, horizontal con-
struction requires mat and membrane (see Table 7.1) as well as asphalt pro-
ducts, water (seawater will suffice for most requirements), and construction
equipment in quantity. A total base development would be extremely difficult
using only indigenous materials.

7.2 Existing Construction

Existing paved roads in developed areas will generally be structured for
wheeled-vehicle traffic. The dominant characteristic of the area affecting
horizontal construction is the absence of existing roadways. Because some
areas are sparsely populated, few roads exist. This factor, coupled with poor
off-road mobility in sand areas, increases the size of the road construction
workload. Population centers (cities and large towns) are usually connected
by paved roads that are fairly modern and adequate for heavy traffic. In
undeveloped areas, roads will be narrow (16 ft [5 m] wide or less) and have
thin pavements that will not stand up under use by tracked or heavy wheeled
vehicles. Consideration should be given to widening the shoulders of such
roads and using the shoulders for tracked~vehicle operations.
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Table 7.1

Engineer Materials for Horizontal Construction
(Available from Depot Sources.)

Langth and Unit Unit
Weight Widch Dapth of of
Iten (lba/aq £t) {Inches) (lnches) SN Issue Issue
M19 sedium duty
landing mat 4.3 50.2, 49.5 1.5 5680-00-930-1524 H-19 Bundle
32 panele
YH18 mediun duty Bundle
landing mat 4.9 144, 12 1.5 5680-00-089-7661 XN-18 18 panels
MBAl light ducy Bundle
landing mat 1.5 141,75, 19.5 1.1 5680-00-782-5577 MBAL 14 panels
AM2? medium duty Bundle
landing mat 6.3 144, 12 1.5 56B0-NAEL~613370-1  AMZ 18 panels
T17 wmembrane 0.3 - 100 ft, 66 ft 0.08 5680-00-921-5809 C7T-17 Roll
or
100 ft, 36 fc 5680-00-921-5810 Roll

7.3 Soils and Aggregates

Fookes* concisely describes engineering properties of various geographic
units found in desert areas in Figure 7.1 and Table 7.2. Figure 7.1 shows the
four geographic zones into which most desert regions can be subdivided: Zone
I, mountain slopes; Zones II, the apron fan or bajada; Zones ILI, the alluvial
plain; and Zone IV, the base plain, which includes sabkhas, playas, salt
playas, salinas, and sand-dune areas. Table 7.2 shows percentages of various
types of terrain in several desert regions.

~ The playas, which usually have a deep water table, have cemented surfaces
that are structurally satisfactory for most vehicle and aircraft loads.
Because the soils are primarily silts, dust problems are severe. The sabkhas
{coastal flats that are inundated by seawater at very high tide) and salinas
usually have cemented surface crusts and water at shallow depths. While each
has a cemented crust, its usefulness under heavy loads depends on the depth to
water because the material below the water table is usually quite weak.

The sandy areas consist of so-called desert flats and sand dunes.
Together they account for 20 to 40 percent of desert regions. Windblown sand
(0.06- to 0.6-mm grain size) can present a significant maintenance problem on
roadways and airfields, and in base areas. It also impedes off-road mobility
of wheeled vehicles.

Based on these geographic zones, the aggregates in the Mid-East have been
classified into eight major categories: beach sand, dune sand, sand 2Zone 1I,

* P. G. Fookes, "Road Geotechnics in Hot Deserts,” The Highway Engineer, Jour-
nal of the Institution of Highway Engineers, Vol XXIII, No. 10 (October
1976), pp 11-23.
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Figure 7.1. Block diagram of hot desert mount and plain terrain
showing the four engineering zones (;dapted from
P. G. Fookes, "Road Geotechnics in Hot Deserts,” The
Highway Engineer, Journal of the Institution of Hfgﬂbay
Engineers, Vol XXIIE, No. 10 [October 1976], pp 11-23).

desert f1ll Zone IV, silty stone Zone III, fan gravel Zone II, sandy stone
Zone III, and stone pavement Zone IV. Typical gradations of various sands and
aggregates found in these areas are shown in Figures 7.2 through 7.6. These
soil gradation data are provided for general guidance and are not intended as
a substitute for on~site investigations. Since laboratory equipment probably
will not be available, field classification will be required.

It is also important to be alert to sources of man—-made and other materi-
als to serve as aggregate for horizontal construction. These include cinder
block, baked and adobe bricks, and tailing from quarry operations. Such
materials may be crushed into smaller sizes by trafficking with, heavy tracked
vehicles such as tanks and dozers.

7.4 Horizontal Construction Techniques

Certain techniques and guidance on design mixes for asphalt and portland
cement materials that are peculiar to expedient construction in arid regions
are described as follows. These general guidelines are not intended to take
the place of field experimentation and application of engineering judgment in
individual situations, but are mainly presented to provide general informa-
tion. In situations where suitable materials, aggregate, binder, and water
are available and time and equipment permit, then conventional construction
procedures should be followed and the appropriate field manual or technical
manual consulted. For situations involving expedient construction, it may be
advantageous to observe and evaluate local construction methods in the opera-
tional area. In some of the more undeveloped areas, what may appear to be
somewha. crude construction techniques compared to conventional advanced
methodology may serve well in expedient situations. Thus, it may be possible
‘to duplicate what appears to be the standard practice in the local area to
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Table 7.2

Comparison of Desert Surface Types by Flan Area
(Reprinted from P. G. Fookes, "Road Geotechnics in Hot Deserts,”
The Highway Engineer, Journal of the Institution of Highway
Engineer, Vol XXIII, No. 10 [October 1976}, pp 11-23.
Reproduced by permission of the Institution of Highway Engineers.)

Likely Occurrence

Commanest in Libyan Saudi Southwestern
Geographical Zomne Engineering Zone Sahara Desert Arabia U.S.
Degert Mountains I 432 39% 47% 38.1X
Volcenic Cones and I 3 1 2 0.2
Fields
Badlands and Subdued 1/11 2 8 1 2.6
Badlands
Wadis I/1I/111 1 1 1 3.6
Fans I’ 1 1 4 31.4
Bedrock Pavements 11/111 10 6 1 0.7
Regicne Bordering IT/111/1V 1 3 1 1.2
Throughflowing Rivers
Desert Flats II1/1V 10 18 16 20.5
Playae and Sslinas v 1 1 1 1.1
Sand Dunes 1v _28 2 _26 0.6
100 100 100 100.0

advantage since such practices are often dictated by availability of engineer-
ing materials.

7.4.1 Compaction of Dry Soils

Compaction of dry soils 1s generally best accomplished by vibratory
methods. Solls most suitable for vibratory compaction are sands and gravels
which are susceptible to consolidation under vibratory motion. Very fine
sands and silty and clayey sands may be compacted to some degree but not as
successfully as the more granular materials. The most desirable equipment for
compaction is a vibratory roller, either driven or self-propelled. Tracked
vehicles such as tanks and crawler tractors may also be used for compacting
dry granular materials since such vehicles are heavy and impact vibratory
motion to the underlying soil. Although vibratory compaction is most desir-
able, dry materials may also be densified using heavy pneumatic-tired equip-
ment having low tire inflation pressure. This method relies primarily on
welight alone to force the soll grains into a closer configuration while the
lower tire contact pressure prevents surface vutting. Although falirly high
soll strengths may be obtained in some soils that are compacted dry, mainte-~
nance of unsurfaced roads and parking areas may be a problem. Since dry sands
depend on confinement to maintain strength, unsurfaced roads, airfields, and
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parking areas subject to traffic with high-pressure tires will tend to
deteriorate and will require close attention to maintenance., In areas used
frequently by heavy tracked vehicles, the soil will generally remain compacted
to some depth as a result of traffic; however, tank traffic will also tend to
deteriorate surface conditions. Therefore, maintenance of the surface layer
will be required.

7.4.1.1 Soil Types:

The primary soil types that can be compacted successfully at or near zero
water content are the gravels, sands, and gravelly and sandy materials. These
materials include the following solls classified according to the Unified Soil
Classification System: GW, GP, GM, GC, GM-GC, SW, SP, SM, SC, and SM-SC.
Generally, the fines content should not exceed about 40 percent of the total
soll weight. Extremely dry, powdery, and pulverized soils that are easily
windblown and that are characterized by the formation of trails of dust clouds
when exposed to vehicular traffic are extremely difficult to densify from a
practical standpoint. Generally, these soils are characterized as surface
material with the underlying soil being depended on to offer structural sup-—
port. These materials generally classify as the silts and clays: CL, CH, ML,
MH, and ML-CL.

7.4.1.2 Equipment:

Vibratory rollers: Vibratory rollers are best suited for compaction of
dry soils. Examples of typical equipment used’in vibratory compaction are the
single-drum, S5-ton (4.5 tonnes) towed vibratory roller and the single-drum,
10-ton (9.1 tonnes) self-propelled vibratory roller.

Tracked vehicles: Heavy tracked equipment such as crawler tractors,
dozers, and tanks can also be used to compact dry solls since such equipment
naturally induces vibratory motion into the underlying soils during normal
operations.

Pneumatic-tired rollers: Heavily loaded pneumatic-tired rollers may also
be used to compact dry soils although generally not as successfully as vibra-
tory equipment. The most suitable pneumatic-tired roller is the drawn four-
tired roller ballasted to a weight of 25 tons {22.7 toones) and with the tire
pressure lowered to about 45 psi (310.3 kKN/m2). It is doubtful that any
large~-scale compaction ‘can be accomplished with swaller pneumatic-tired roll-
ers, although they may be used for smaller compaction projects. Pneumatic-
tired rollers such as the 9-ton (8.2 tonnes) self-propelled or towed rollers
should be loaded to maximum capacity with tire inflation pressure of about 40
psi (275.6 KN/m ).

Trucks and construction equipment: Heavy trucks and construction equip-
ment such as front—end loaders may also be used to a limited extent for com-
paction of dry materials using principles similar to those for standard
pneumatic-tired compaction equipment. Such vehicles should be loaded as
heavily as possible and have tire inflation pressures in the range of 25 to 30
psi (172.3 to 206.7 KN/m? ). Care should be taken to prevent tire damage.
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7.4.1.3 Construction Procedures:

Constructfon procedures for compaction of dry soils differ in one signi-
ficant aspect .rom normal compaction techniques. In dry compaction and in the
expedient construction situation, the assumption is made that the soll 1s at
or near zero water content condition and that no adjustment in water content
can be made. Also, in expedient construction, equipment may not be available
to check soil water content or in-place density; therefore, the engineer may
have to rely on judgment to determine whether acceptable densification has
been achieved. An airfield penetrometer or standard cone penetrometer may be
ugseful in evaluating the effectiveness of compaction procedures.

When vibratory equipment or tracked vehicles are used, dry sands may be
compacted in lifts up to 12 in. (304.8 mm) thick, while lift thickness for
fine-grained soils should be kept to about 9 in. (228.6 mm) in thickness. In
any event, it will probably be necessary to construct small test pections of
various 1ift thicknesses to determine the optimum 1ift thickness. Vehicle or
roller speed should range from 1 to 3 mph (1.6 to 4.8 km/hr). The number of
passes required to develop adequate thickness will depend on soil type and
should be determined in the field on test sections.

Compaction of dry soils with pneumatic-tired rollers generally requires
thinner 1ift thickness of about 4 to 6 in. (101.6 to 152.4 mm), depending on
the roller or vehicle weight and soil type. Again, experimentation in the
field using test sections of various thicknesses will be required to determine
optimum thickness and number of vehicle passes. Vehicle or roller speed will
generally be determined by the resistance the soil being compacted offers to
the vehicle.

7.4.1.4 Maintenance:

Unsurfaced compacted dry soils will tend to deteriorate under traffic of
vehicles or aircraft having high-pressure pneumatic tires. In order to main-
tain or restore stability to the soil, it will be necessary to apply repeated
passes of a compactor or, preferably, a tracked vehicle. Timely maintenance
is required to prevent progressively deepening deterioration. If subject to
considerable tracked vehicle traffic, surface deterioration will not be as
severe; however, channelized traffic or traffic in the same track paths will
tend to cause rutting. Therefore, continual recompaction of the surface will
be necessary. Dust palliatives may be used to -alleviate dust problems, but
they will provide little or no structural stabilization.

7.4.2 Expedient Asphalt Mix

A number of naturally occurring aggregates are avallable in the Mid-East
region, some of which can be used for construction of bituminous pavements.
The following guldelines for use and expected performance of each of the eight
aggregate types likely to be found in the Mid-East are useful for planning
purposes. Further analysis such as mixture design is needed before using
these aggregates in pavement mixtures.
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7.4.2.1 Asphalts:

Three types of asphalt materials are generally available for pavement
construction: asphalt cement, asphalt emulsinn, and cutback asphalt.
Although all three of these materials can be used in the production of asphalt
mixes, asphalt emulsions and cutback asphalts are primarily used when the
materials are mixed in place; asphalt cements are primarily used when materi-
als ara mixed at a central pjoint. Since water is in short supply in the Mid-
East, it is doubtful that a significant amount of asphalt emulsions will be
used. Hence, it is anticipated that the two types nf asphalt materials avail-
able for construction will be asphalt cement and cutback asphalt.

7.4.2.2 Aggregate:

Since aggregate makes up over 90 percent of the asphalt concrete mixture,
the performance of the mixture depends a great deal on the quality and grada-
tion of the aggregate. It is desirable to use crushed aggregates, well-graded
from coarse to fine, for best performance of bituminous mixtures. Generally,
it is desirable that the bituminous mixture consist of 30 to 40 percént coarse
aggregate (+ No. 4 material), 55 to 65 percent fine aggregate (No. & to No.
200 material), and approximately 5 percent filler (material passing the No.
200 sieve). Uncrushed aggregates can be used for pavement construvcticn at-a
reduced cost and for expediency, but the performance anticipated is less than
that for bituminous pavements composed of erushed aggregates.

7.4.2.3 Bituminous Mixtures:

The bituminous mixture should be designed and constructed so that a
stable, durable pavement iIs obtained. The pavement surface wmust possess
satisfactory friction properties to carry the intended traffic safely at the
anticipated speeds. All of these items must be considered in the design and
construction of a bituminous mixture. Dense-graded bituminous mixtures are
normally used to provide a tight, stable, durable surface. Often uniforamly
graded (one size) aggregates are used in the production of porous friction
courses or bituminous surface treatments to improve surface friction proper-
ties. Dense and uniformly graded aggregates have applications in the con-
struction of bituminous pavements in the Mid-East. Dense—-graded bituminous
mixtures are designed to have 3 to 5 percent air voids in the laboratory-
compacted mixtures, resulting in 3 to 7 percent air voids in the field-
compacted mixture. The low voids (3 to 7 percent) and high density (98 to 100
percent of laboratory density) result in a durable, stable pavement with tight
surface texture. The quality of the aggregate is Important for dense-graded
mixtures; crushed aggregate, well-graded from coarse to fine, is desired.
Because asphalt binder tends to bond better to crushed than uncrushed aggre-
gate, less raveling occurs in mixtures with crushed aggregate. In a well-
graded mixture, particle interlock is greater with crushed aggregate, than
with uncrushed aggregate resulting in a more stable mixture. The quality of
dense~graded mixture is gensitive to a change in the amount of =200 material.
Adding or reducing the amount of -200 material generally changes optimum
asphalt content and stability. An increase in the amount of -200 material
normally decreases the optimum asphalt content and increases the stability.
This 1s because the -200 material fills the volds in the mineral aggregates,
resulting in fewer volds to be filled with asphalt and a stiffer asphalt-
filler matrix. In a well-graded wmixture, stability and optimum asphalt
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content are also functions of the maximum aggregate size. Generally, mixtures
with larger e-~3regate sizes result in higher stabilities at lower optimum
asphalt cont: 7.s. The asphalt type plays an important part in the performance
of a bituminous mixture. The higher viscosity asphalts (lower penetration)
produce mixes having higher stability but more susceptibility to cracking at
lower temperatures. The lower viscosity asphalts (higher penetration) produce
mixes having low stability at higher temperatures but less susceptibility to
cracking at lower temperatures.

7.4.2.4 Gradations and Recommended Uses of Aggregates Found in the Mid-East:

Based on the eight major categories of aggregates found in the Mid-East,
asphalt mix designs have been developed. The predicted stability, asphalt
content, and performance for each of these gradations is shown in Table 7.3.
In addition, design mixes for midband gradings are also presented for beach
sand, fan gravel (Zone II), and sandy stone (Zone IIl). These values are for
guidance only and should not be substituted for further analysis when needed.
For this report, poor performance describes mixtures which will perform satis-
factorily less than 1 year, fair performance describes mixtures which will
perform satisfactorily for at least 1 year, and good performance describes
mixtures that should provide satisfactory performance for 2 or more years.

Beach sand: A wide range of gradations may be found for beach sand;
therefore, this aggregate type was evaluated for the upper-bound gradation,
lower-bound gradation, and midband gradation (Figure 7.2). Sand mixtures usu-
ally provide tight surfaces but are often unstable under traffic and may not
be suitable for tracked vehicles. These mixtures can be expected to perform
satisfactorily in cooler weather, but traffic during the hot summer months may
cause excesSive rutting, resulting in shear fallure and subsequent deteriora-
tion of the pavement. When sand mixtures are to be subjected to traffic dur-
ing summer, a higher viscosity (lower penetration) asphalt cement may be
selected to provide some additional stability; however, this may result in an
increase in deterioration in the winter months. Blending of aggregates is
desirable to optimize the aggregate gradation to lmprove mixture properties.
For instance, coarse aggregate can be blended with the beach sand to 1mprove
the overall aggregate gradation, resulting in better mixture properties. The
beach sand mixture requires a large amount of asphalt to properly coat the
aggregate particles. The stability of mixtures prepared with aggregate meet-
ing the lower-bound, midband, and upper-bound gradations will generally be
between 100 and 500 1b (45.4 to 226.8 kg). The upper-bound gradation requires
the most asphalt (9 to 11 percent) while the lower-bound gradation requires
the least asphalt (6 to B percent). The midband gradation will probably
result {n the best mixture, with probable poor to fair performance. The
lower—-bound and upper-bound gradations would probably result in poor perfor-
mance. Sand mixes that have a small amount of -200 material, such as beach
sand, are easy to mix, place, and compact. Beach sand can be readily mixed in
place or at a central plant. The upper~bound gradation may present some mix-
ing problems since the gradation is very fine (100 percent of the material
passes the No. 50 sieve).

Dune sand: Mixtures prepared with dune sand (Figure 7.2} should perform
similarly to mixtures prepared with beach sand.
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Table 7.3

Expected Performance of Bituminous Mixtures
Prepared Prom Aggregates Found 1n the Mid-East

Approximate Approximate Expected
Material Asphalt Content, % Stability, 1b Performance

Beach Sand

Upper Bound 9-11 100-500 Poor

Mid Band 7-9 100-500 Poor-Falir

Lower Bound 6-8 100-500 Poor
Dune Sand

Upper Bound 9-11 100-500 Poor

Lower Bound 8-10 100-500 Poor
Sand Zone II -9 100-500 Poor~Fair
Desert Fill Zone IV 6-8 1000~-1500 Good
Silty Stone Zone III

Upper Bound UNSATISFACTORY

Lower Bound 7-9 1000-1500 Fair
Fan Gravel Zone 11

Upper Bound 5-7 500-1000 Fair

Mid Band 5-7 1000-1500 Good

Lower Bound 5=7 Not Applicable Fair
Sandy Stone Zone II1

Upper Bound UNSATISFACTORY

Mid Band 5=7 1000-1500 Good

Lower Bound 5-7 500-1000 Fair
Stone Pavement Zone 1V 5=7 Not Applicable Fair

Sand Zone II: Mixtures prepared with Sand Zone II (Figure 7.3) should
perform similarly to mixtures prepared with the beach sand of midband grada-
tion.

Desert Fill Zone IV. Mixtures prepared with aggregate having a gradation
similar to that of desert £1i11 Zone IV (Figure 7.3) should provide very tough,
tight suvfaces. These mixtures should support traffic during the hot summer
months with a minimum of distress. The asphalt required for this mixture is b6
to 8 percent, and the resulting stability should be 100 to 1500 pounds (45.4
to 680.4 kg). The performance of this mixture should be good, with raveling
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and cracking the most likely problems. These problems should occur over a
period of t'~:, however, and thus not cause early failure. It will be diffi-
cult to obtain a well-coated mixture because the amount of -200 material is
high (22 percent}. It is recommended that this type of mixture be mixed in a
central plant so that mixing can be better controlled. Placing and compacting
this mixture may also present problems. When 1ifts 2 in. (50.8 mm) or less
are placed, the coarse aggregate will tend to tear the mat, resulting in an
uneven surface that is difficult to compact. To insure good performance with
this mixture, steps must be taken to make sure mixing, placing, and compacting
are done properly.

Silty Stone Zone III: The silty stone material has a large amount of
=200 material (Figure 7.4) and is generally not acceptable in asphalt mix-~
tures. The material represented by the upper-bound curve can be used as a
mineral filler in asphalt mixtures but is not acceptable as the only aggregate
in an asphalt mixture. The material represented by the lower-bound curve can
be used satisfactorily; however, the amount of -200 material is on the upper
limit of that which can be properly mixed and compacted. When the amount of
-200 material exceeds 30 percent in the blend of aggregate to be used in a
bituminous mixture, the aggregate should be considered unsatisfactory. When
the amount of ~200 materf{al is high, additional mixing time will be necessary.
Mixtures prepared with the aggregate represented by the lower-bound curve
should require 7 to 9 percent asphalt and have stability values in the range
of 1000 to 1500 pounds (453.6 to 680.4 kg). The performance of such a mixture
is no better than fair -- even though the stability is high -- because the
amount of -200 material i{s high and very little of the aggregate is larger
than a No. 4 sieve. This mixture will be difficult to mix sufficiently to
obtain a homogeneous mixture. Since there is little coarse aggregate, little
difficulty in placement of the mixture would be expected. Compaction of 1lifts
up to 1-1/2 in. (38.1 mm) should not be difficult, but thicker layers may
present compaction problems such as lateral movement of the mixture during
rolling and ruts that cannot be removed with the finish roller.

Fan Gravel Zone II: The gradation of the aggregate found in fan gravel
deposits varies consi{derably. The aggregate represented by the upper-bound
and midband gradation curves (Figure 7.5) can produce fair to good dense-
graded bituminous mixtures. However, the aggregate represented by the lower-
bound curve should be used to produce an open-graded mixture since very few
fines are available, or it should be crushed to produce a dense-graded mix-—
ture. The upper-bound material should require 5 to 7 percent asphalt and pro-
duce a stability of 300 to 1000 pounds (226.8 to 453.6 kg). It should be
mixed, placed, and compacted with standard procedures, and should provide fair
performance. The most likely problem with this mixture is rutting during hot
weather.

The aggregate represented by the midband gradation is very similar in
size to that used for dense-graded mixtures for airfields. It is well-graded
and should produce a tight, stable mixture. The estimated asphalt content for
this mixture is 5 to 7 percent, which should result in an estimated stability
of 1000 to 1500 pounds (453.6 to 680.4 kg). The estimated performance is
good. No major problems are anticipated in mixing, placing, and compacting.

The aggregate represented by the lower-bound gradatfon curve is not gen-
erally recommended for use {n bituminous mixtures. Ideally, this aggregate
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should be crushed to produce an aggregate that could be used to produce a
bituminous mixture that would provide excellent performance. If this aggre-
gate is not crushed and i1s used to produce a bituminous mixture, 5 to 7 per=
cent asphalt should generally be used. The mixture should be easy to mix but
difficult to place and compact. Compaction for this mixture would primarily
be to seat the aggregate so that it bonds to the layer underneath and to the
adjacent aggregates. The stability test is not applicable to mixtures having
aggregate this large. Performance should be fair with raveling being the most
likely problem.

Sandy Stone Zone III: The aggregate represented by the upper-bound gra-
dation (Figure 7.6) is not acceptable for bituminous mixtures. The amount of
~200 material should not exceed 30 perceant. Material with gradation similar
to the upper bound can be used as a filler in bituminous mixtures but must be
blended with other aggregates to produce an acceptable gradation. The midband
gradation is the upper limit of aggregates that should be used in bituminous
mixtures. This gradation will produce a tight, stable mixture requiring a 3
to 7 percent asphalt binder and having a stability of 1000 to 1500 pounds
(453.6 to 680.4 kg). Bituminous mixtures produced with this type of aggregate
should provide good performance (Figure 7.6). "Mixing and compaction may be
difficult because of the large amount of -200 material, but spreading should
present no major problem.

Aggregate represented by the lower-bound gradation curve should produce a
gstable mixture. The estimated asphalt content for this mixture is 5 to 7 per-
cent, which should produce a stability of 500 to 1000 pounds (226.8 to 453.6
kg). Bituminous mixtures produced with this aggregate should provide fair
performance., There should be no problem in mixing this wmixture, but spreading
and compaction may be difficult because of the coarse aggregate.

Stone Pavement Zone IV: The performance of this aggregate (Figure 7.6)
in bituminous mixtures should be similar to that for the lower—bound gradation
of the fan gravel Zone II aggregate. '

7.4.3 Expedient Concrete and Mortar Mix

An arid climate is one where evaporation exceeds precipitation, as in the
hot, arid areas of the Middle East. - Extreme temperatures present Special
problems 1in concrete production. High temperatures increase the hardening of
concrete. The length of time within which the concrete 1s handled 1is more
critical, making it more difficult to place. High range water reducers, com-
monly known as "super plasticizers,” have proven beneficial in improving the
handling characteristics of concrete without using additional water. The cli-
mate also increases mixing water demand that promotes bleeding. The time 1n
which protective measures are applied is critical because difficulties in
retaining uniform temperature conditions adversely affect concrete strength.

The harmful effects of hot weather on concrete may be minimized by a
number of practical procedures. The degree to which their application is jus-
tified depends on circumstances. One or more of the ingredieants may be cooled
to keep the temperature of the concrete from being excessive at the time of
placement. Storing aggregate in the shade may help maintain lower tempera-
ture. Because of the heat of hydration, cement content should be maintained
at the minimum permitted. Concrete in place may be protected to minimize
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drying and absorption of heat. Difficulties resulting frow high temperatures,
such as plast.c shrinkage cracking, can only be controlled by last-minute
lmprovisations. Night construction may alleviate some of the heat and tem-
perature problems encountered during daytime construction.

Portland cement: Although there 1s scome local cement production in the
region, most cement will have to be imported. Numerous countries ship cement
into the region, and it varies in quality from bad to gocd. In general, there
will be no control over what is received and its quality. If possible,
sulfate-resistant (Type V) and low-heat (Type IV) cements should be used.
These are the main types being imported. Unless bulk handling capabilities
are available locally, the troops will not be able to handle and transport
large quantities of cement with their equipment. Bag handling of cement is
very slow, labor intensive, and not recommended except as a last resort. If
none exists locally, airtight storage will have to be provided for the cement
in 81l coastal areas. This is best accomplished by rubberized bulk bags. Any
prolonged storage of cement at the high temperatures of the region will result
in a degradation of the cement.

Aggregates: Typical grading curves and bands for desert areas are illus-
trated in Figures 7.2 to 7.6. Natural sands are usually abundant, but their
gradings are generally poor and they are frequently contaminated by deleteri-
ous salts. Rock cutcrops may be of a friable and porous nature and may also
be contaminated with deleterious salts. These problems and the climatic con-
diticn are of major concern in horizontal add vertical construction.

Mix proportions: Mixture proportions are given in Table 7.4 for each of
the sand and composite material gradation curves given in Figures 7.2 through
7.6. When only sand is available in a given location, it 1s assumed that
1-1/2-in. (38 mm) maximum-size aggregate available from other sources will be
added in the quantities noted to produce the concrete. When the indigenous
material is already a composite material of sand and rock, it can be used in
its already-combined condition. Adjustments in the amount of fine material
(sand) and water may be necessary to achieve the workability needed to place
the material.

7.4.4 Miscellaneous Construction Techniques

Horizontal construction on bases or between bases will require innovative
construction techniques to offset the additional time required by harsh
environment.

l. Use seavater (see Section 5.7, pp 5-60 to 5-67), crude oil, or waste oil
for compaction and stabilization, Portland cement may also be used if available.

2. Blend available on-site soils for road-base materials.

3. Increase priority on transportation of replacement and repair parts
due to increased maintenance.

4, Shoulders of existing roadways, or expedient roadways constructed

parallel to the existing pavement, may be used for tank traffic, thereby
extending the life of the existing pavement.
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Table 7.4

Proportioning Guidelines and Expected Performance
for Concrete Made With Aggregates Found in the Mid-East

Part A. Naturally Occurring Sands to Which Coarse Aggregate (Rock) Must Be Added
Approximate Weights in Approx. 28-day
Pounds per Cubie Yard Batch Estimated Strength
of Concrete Water Slump of
Cement Sand Rock (gallons) (inches) Concrete
Beach Sand
Upper Bound 700-750 1350-1450 1650~1750 33-39 1 Good
Midband 550-600 1300-1400 1850-1950 33-39 2 Good
Lower Bound 400-450 1230-1300 2030-2130 33-39 3 Fair
Dune Sand
Upper Bound 440-490° 1230-1300 2030-2130 32-38 3 Fair
Lower Bound 400-450 1230-1300 2030-2130 33-39 3 Fair
Sand, Zone II 550-600 1300~1400 1850~1950 33-39 2 Good
Silty Stone,
Zone III
Upper Bound  -——=—=-~-=————m—em—ceca—o-- Unsatisfactory===e=—=mcomccaccrcacanaan
Lower Bound 440-490 1230-1300 2030-2130 33-39 3 Fair
Fan Gravel
Lower Bound 550-600 1300-1400 1850~1950 33-39 2 Goad
Part B. Naturally Occurring Blends (Composites) of Sand and Rock
Approximate Weights in
pounds per cubic yard Approx. 28-day
of Concrete Batch Estimated Strength
Composite Water Slump of
Cement Materials (gallons) (inches) Concrete
Desert Fil1,
Zone IV 700-750 3000-3200 35-41 2 Fair
Fan Gravel,
Mid Bound 450-500 3200-3400 33-39 3 Good
Upper Bound 550-600 3150-3350 33-39 2 Good
Sandy Stone,
Zone III
Upper Bound ——m—s-eessss—————-----—--Unsatisfactory--==~——mmmem—cceeeae .
Midband 550-600 3150-3350 35-41 2 Fair
Lower Bound 700-750 3000-3200 35-41 2 Fair
Stone Pavement, 900-1000 2330-2550 54-60 2 Good
Zone IV (No Sand)
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5. Clays may be blended with sands in low rainfall areas to provide a
riding surface.

6. Har¢ crusty sections may require no construction effort 1if left
undigsturbed.

7. A general-purpose, lightweight, low-cost matting could be developed
for road and other uses over sands.

8. Membrane encapsulated soil layera, sand grids, and soil reinforcement
would enhance road construction by conventional methods.

9. Increase use of locally available cutback and emulsified petroleum
products.

10. Do not expect road construction equipment to be used without modifi-
cations (i.e., cooling fans may have to be side-mounted instead of front-
mounted to prevent abrasive action of sand).

11. Do not expect timber to be available for culverts and trusses.

12. Rippers may be required on large tractors for removal of hardpan.

13. Tires will deteriorate more quickly due to extreme heat.

14. Equipment life and performance may be severely hampered in harsh

environments.

7.5 Roads Over Loose Sand

Over-the-shore transportation of supplies in loose sand is very difficult
without treatment of the sand. Supply roads and storage areas over loose sand
will be required.

7.5.1 Possible Solutions

1. Use lighter traffic loads and reduce tire pressures. A general rule
of thumb is to lower tire pressure so that tire deflection is increased by 50
percent.

2. Sand stabilization using portland cement is a well-established method
for constructing pavement base layers. See TM 5-330, "Portland Cement Stabil-
ization.”

3. Mix available local gravel or soils with the sand to improve traffi-
cability.

4. If a firmer material lies at shallow depths, keep blading loose sands
off the roadway.

5. Bury membrane (T~17) filter fabric, netting, or other materials 3 to

4 in. (76 to 102 mm) in the sand. Tests have shown best performance over
buried membrane occurs when traffic stays in the same ruts.
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6. Any of the airfield landing mats in inventory can be used on a
smoothed surface to provide a roadway for over—-the-beach truck traffic (see
Table 7 -1) .

7. Place building rubble in the ruts.

8. Use crude oll, i{f available, for stabilizing the sand.

7.5.2 Don't

Do not place membranes, even if anchored, on the surface of the loose

sands for improving trafficability. Tests have shown that best performance

results when the membrane is buried 3 to 4 in. (76 to 102 mm).

7.5.3 Spectal Considerations

Blowing sands may cause operation problems with the construction equip-
ment and high maintenance for the roadway or storage facility. Almost any-
thing mixed with a loose sand will improve its trafficability.

7.6 Intermittent Stream Crossing

Build a ford instead of a bridge to make the roadway unusable during and
for a few hours after an unusual storm. If such a storm does occur,. a
bulldozer, a front-end loader, and some dump trucks should be able to restore
operation in a few hours after the water subsides by removing boulders washed
onto the roadway and filling areas eroded by the stream. Concrete fords are
very successful and allow almost Iimmediate return to operation after raiafall.

7.7 Control of Drifting Sand

Obviously loose sand and dune areas are best avoided. However, if small
dunes must be crossed, several methods are available for controlling them or
at least wminimizing their effects.

1. Align routes or airfields upwind from existing dune areas or sand-
Bource areas.

2. 01l the surface of windblown sands with high-gravity crude oil for
temporary dust control.

3. Erect porous barrlers (i.e., snow-type fences or spaced nonporous
barriers).

4. Build roadways on an embankment above normal surface elevation.
5. Dig trenches to destroy the symmetry of a dune and thus accelerate
ite destruction by wind. Trenching on the windward side of the works to be

protectad and using the excavated material as a second barrier or mound
between the trench and the item to be protected can control sand temporarily.
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Further guidance provided by Fookes* may also be useful:

4 level road will receive a layer of sand over the
leeward gide during normal wind conditions. The layer
will be thin and will probably not impede vehicles even
1f they are equipped with high pressure tyres. When
wind of the opposite direction occurs, the thin layer
of sand will shift to the other side of the road. A
crown to the road will aggravate the down~wind side
accumulations, and for this reason the crown should be
kept to a minimum. Ideally for dune areas flat roads
are to be preferred, but the embankment should be
greatly rounded at the shoulder break point.

Unbanked, single-line roads on elevated grades are
generally self-cleaning and do not usually present a
serious problem by drifting sand. They are, however,
vulnerable to migrating dune masses. Banked horizontal
curves are troublesome and vulnerable to drifting sand,
if the wind first impinges on the high side of the
bank. The high windward side will rewain exposed, but
the lower leeward side will receive a deposit of sand,
the depth of which depends on the amount of super-
elevation of the windward side. Curves should, there-
fore, have as long a radius as possible and banking
should be held to a minimum.

Cuts can be serious problems and probably the best
remedy 18 to build impounding fences up-wind from the
cut, stabilize the sand between the cut and the
fence...and then increase the height of the fence when-
ever it loses its trapping efficiency.

It is important to remove all obstructions upwind
from the road. Any obstruction will cause a drift
stream to develop downwind. It is not uncommon for
these drifts to be 20 times the helght of the obstruc-
tion. A large bush a metre high may send out a strea-
mer 35 metres long. A hummock of earth or a rock a few
centimetres high at the edge of the road can send a
drift across the entire road. The up-wind side of the
road should therefore be cleaned off and smoothed with
a drag for a width of at least 20 metres or even wider
1f large bushes or hummocks are present.

Migrating dunes that are approaching the road are
another serious hazard. Destruction or immobilization
of the dunes can be accomplished if it 1is carried out
while the dune is over 20 times its height away from
the road. [f the dune i1s allowed to approach closer

* P. G. Fookes, "Road Geotechnics in Hot Deserts,” The Highway Engineer, Jour-
nal of the Institution of Highway Engineers, Vol XXIIL[, No. 10 (October
1976), p 11-23.
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than this distance, it will probably have to be immo-
bilised by oil stabilisation and then restricted
against further growth by bullding an impounding fence
up-wind from it. This would cut off new supplies of
sand that would otherwise cause it to becume elongated
down-wind.

To prevent erosion of embankments built with dune
sand choose low slope angles (l:4) and proutect the
slope with a stabilising material.

During canstruction vehicles should be digcouraged
from running wild over the existing desert surface up-
wind of the road as it could destory an existing
natural thin crust or sparse binding vegetation which
in turn could lead to sand near the road being mobil-
ised by the wind.

7.8 Dust Control

Dust control will be necessary to prevent increased engine maintenance
and reduced propeller-blade life, and to lessen battlefield signzture loca-
tion.

7.8.1 Possible Solutions

1. Define technology currently being used by contractors operating in
the area.

2. Use an asphalt distributor for application of dust-contrel agents.
Recommended materials for dust control include peneprime types, DCA 1295,

crude oll, and saltwater.

3. Install grease fittings on the asphalt distributor pump to allow
manual lubrication when spraying DCA 1295, a low-viscosity dust-control agent.

4. Use a fiberglass scrim with DCA 1295 reinforcement, especially for
trafficked areas.

5. Mechanical means of dust control, such as plywood or membranes, may
be used temporarily.

6. Use asphalt-based crude oil (will require heating before spraying).

7. If available, other dust palliatives such as resin emulsions (e.g.,
Coherox), magnesium chloride, liquid products, etc., may be used.

70802 Don?ts
1. Do not use experimental or unproven chemicals for dust control.

2. Do not expect water or light oil applications to control dust for a
long time.
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7.8.3 Special Considerations
1. Higi.y porous materials require dust control.

2. In trafficked areas, sand will rut, causing deterioration of dust
control preparations.

3. Seawater may be used for the prewetting recommended in DA PAM 525-5,

4. The minimum flash point of peneprime and cutback asphalt is about
80°F (26.6°C).

5. Asphalt products will have a tacky surface above 100°F (37.8°C).

7.9 Construction of C-130 Airstrips

Many areas in the arid flat regions such as the playas and desert pave-
ments may allow operation of C-130 aircraft with minimal construction effort,
while areas of large active sand dunes may present considerable problems in
constructing and maintaining a suitable airstrip surface. Some important con-
siderations that must be addressed in constructing C-130 airstrips include
80il strength, runway length, surface roughness and obstacles, and lateral and
approdch zone clearances. The expedient runway must have enough strength to
waintain the desired number of aircraft operations. It must also meet certain
criteria of length and grade, have safe lateral and approach zoae clearances,
and be reasonably free of surface obstacles and unsafe ground irregularities.
Detailed information on construction of expedient C=130 runways is in TM 5-
330/AFM 86-3, Vol II, "Planning and Design of Roads, Airbases, and Heliports
in the Theater of Operations.”

7.9.1 Sirength Requirements

Strength requirements for C-130 airstrips without surfacing and with mem-
brane and light- and medium-duty landing mat surfacing are shown in Flgure
7.7. These criteria indicate the number of cycles of aircraft traffic allowed
for different gross aircraft weights in kips and different soil strengths in
terms of airfield index (a.I.). One cycle is equal to one takeoff and one
landing.

7.9.1.1 Afrfield Index:

Airfield index is a soil strength measurement normally obtained using an
airfield penetrometer. Therefore, the engineer should ensure that an airfield
penetrometer is included as part of his equipment for initial engineer recon-
naissance.

If no airfield penetrometer ia available, the standard trafficability
cone penetrometer may be used and the readings converted to A.I. Two types of
cones are used with the trafficability penetrometer: one having a base area
of 0.2 sqg in. and another having a base area of 0.5 sq in. To deternine
values of A.I., readings taken with the 0.2 sq in. and 0.5 8q in. must be
.divided by 20 and 50, respectively. Thesge converted readings may then be used
with Figure 7-7.
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7.9.1.2 Use of Penetrometers:

Penetrome.ers are crude field-expedient methods of evaluating soil
strength. Their use must be tempered with an understanding of soil behavior.
If a site consists of dry, clean sands (sands with no fines or material pass-
ing the No. 200 sieve), the confining effect of the large C-130 tire generally
will allow the aircraft to operate regardless of the measured or converted
airfield index. Windblown beach and desert gands are examples of this type of
material. The airfield index is a fairly reliable indicator of the strength
of many clays, but there are exceptions. Certain clay soils can lose over 90
percent of their strength when remolded and turn into thick, viscous liquids.
Some residual clay soils formed in tropical and subtropical areas and known as
laterites have good bearing capacity when they are undisturbed, but if
reworked with heavy equipment in the present of moisture, they become a plas-
tic, low-strength material. It is impossible to predict behavior of such
solls on the basis of I»n g7ty penetrometer readings alone. The engineer must
also consider the effects of moisture on soils when evaluating a site. Some
soils (clays and silts) can have large reductions in strength when they become
wet. Consequently, rain can make these soils unusable, and they should be
avoided if an unsurfaced soil is needed for operations in wet weather. Afir-
craft will behave differently in different types of soifl. If an aircraft is
braking or turning in a cohesionless soil {particularly clean sand), the soil
will rut very easily and the aircraft may bog down. However, simply shoveling
the sand from in front of the wheels will often allow the C-130 to taxi out of
the rut without assistance. The pilot can also help prevent delay of takeoff
by cyclic braking. Plastic soils, particularly CH clays, will allow braking
and turning with less rutting when dry, but a light rain will make their sur-
faces very slick and hazardous.

7.9.2 Cleargnce Requiremsnts

Minimum runway and clearance criteria for the C-130 are given in TM 5-330
(Department of the Army, 1968); these criteria are summarized in Figure 7.8.
However, the actual clearance criteria and runway length used in the mission
must be established by the aircraft commander to reflect factors such as load,
altitude, temperature, and alrcraft model. Operation on runways meeting these
criteria will still be hazardous, inefficient, and limited to good weather,
Close cooperation between the engineers and aircraft commanders is vitally
important in selecting a usable expedient runway and cannot be overemphasized.

7.9.3 Surface Roughness and Obstacles

TM 5-330 provides allowable limits for runway roughness and obstacles.
These are summarized in Table 7.5. If the landing strip is used by more than
one aircraft at a time, the engineer must plan and build parking areas adja-
cent to the strip. TM 5-330 provides guidance on parking requirements for
forward area fields, which would be applicable under these conditions. If
only one aircraft will use the landing strip at a time, the engineer must plan
adequate space for the aircraft to turn around at the end of the strip. Nor-
mally, a C-130 can turn around within the 60-ft (18-m) wide strip with 10-ft
'(3-m) shoulders, but requirements for the turnaround area should be planned
ahead of time with the aircraft commander.
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Table 7.5

Minimum Runway Requirements for C-130

a. Anticipated life.....-.-‘lllllo.0.!!..-““0OO--..----....

b. Runways:

(1) Length‘.““II'I'..lllll“......llll..““l“...".l‘
(2) width..llII..I..........llll...l.“llll‘..“ll"l'..‘
(3) Gradients:

(a) LongitUdinaloo.-............----...........-....
(b) ChaﬂgeB/IOO ftaau-uaooccc-cccolcco------------aa
(c) Transverse‘...‘ll“...........‘...'....ll..“.“

(4) Shoulders:

(a) widthooooottl“ninn.ul..lllll-llll‘ll.Ollllll.o-

(b) Transverse grade.-.............-................

{5) Clear areas:

(8) widthiillllllllllll“‘Olli"‘!l‘lllln".."l'.!-

{b) Maximum transverse grades.sceosesssesssssssssonns
(6) Overruns:

(a) LEﬂgth--.oucaaaa-aa-.oc.-an.----................
(b) width-lll.l.l'.......ll.l'.l....lll..l.ll"ll.ll

(7) Lateral safety zones:

(a) Slope-...........-...-..--.....-......--..---m..

(b) Width----a-nnu-uu-ul-l----a--|--ooooooooollcc“‘
c. Runway end clear zone:
(1) Length.....----..-.....-..--..-.................m..-.

{2) Wwidth:

(8) Inner--...------.--.--c----------------.--...aa-

(b) Ouberiseuievvvvsssesseastattocsnnsassanvsasarnnns
(3) Grade, maxImuMeeoeeesaeosssososeesssseasovasvensssssas
d. Runway approach zones:
(1) Lengthuiseoeeoostosvacansosanasssnsessssnacnnnnnnanssss
(2) width:

(a) Inner-----.----a--c-.------------.....-------.--

(b) OUtEF--..a-a-------o.----------.-------.-.--.---

(3) Glide slopellllll..lllllll.llllllllll‘.l.l.l...llll‘.

*Runway length 1s computed for conditions of sea level and 59°F.

3 days

2000 ft*
60 ft

3 percent
2 percent
0.5~-3 percent

0t
ot

10 ft
1.5-5 percent

35 ft
5 percent

100 ft
60 ft

7:1
75 ft

500 ft

150 ft
300 ft

5 percent
10,500 ft

300 ft
2000 ft

35:1

Increase in

elevation and temperature will require adjustments in runway lengths and/or
aircraft load. Such determination should be made in coordination with the

aircraft commander.
Metric conversion factor: 1 ft = 00,3048 nm.
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7.9.4 Use of Existing Roads

Operating aircraft from an existing road is an attractive concept since
paved roads are widely available, and the problems associated with repairing a
badly damaged runway can be avoided. However, the runway length and the width
requirements and the necessary clear areas around the landing strip are so
restrictive that only a four-lane highway with shoulders and without a median
would come close to meeting the landing strip width requirements. In addition
to widening the road to support C-130 aircraft, the engineers will also have
to clear trees, buildings, and power lines around the road to provide required
lateral and approach clearances. Figure 7.9 shows the requirements for widen-
ing a typical two-lane road having a width of 22 ft (6.7 m). Depending on the
natural ground contours, cut or fill may be required. Drainage ditches on
either side of the road must be filled. If the drainage ditch cross sections
from TM 5-330 are considered typical, 2000 cu yd (1529.1 m3) of £11l will be
required to fill these ditches for a 2000-ft (610-m) long landing strip. Even
under favorable conditions, filling the ditches will require about 6 hr for a
‘light dozer (D-6). Additional time will be needed for grading and compacting.
If the surrounding topography requires much cut and £1i1l, widening of the road
may become a massive earthmoving operation; therefore, site selection is an
extremely important aspect of this type of operation.

7.10 Ruaway Bomb Damage Repair

Existing runway pavements cratered as a result of bomb damage and rocket
and cannon fire must be repaired quickly to-allow operations of cargo,
fighter, or other aircraft. The effort required to repair a crater.will
depend on the extent of damage and crater size. Pavement damage will range
from spalls and scabs less than 5 ft (1.5 m) in diameter to large craters over
15 fr (4.6 @) in diameter. In repairing craters, consideration must be given
to the structural adequacy of the repalr to carry aircraft loadings, surface
roughness of the finished repair with impacts on aircraft performance, and
cleanup of surface debris to minimize €oreign object damage (FOD) potential.

7.10.1 Clearing and Backfilling

The area around the crater should be cleared of surface debris as soon as
possible. Broken pieces of pavement around the edge of the crater should be
removed to provide a level surface depeanding on the desired quality of repair.
Some of the ejected debris and broken pavement pleces may be pushed into the
bottom of the crater to provide fill material. The remainder should be
cleared from the runway. The fill should be compacted as much as possible.

If the fill material and crater bottom are saturated from rain water or ground
water, compaction may not be possible. It may be necessary to place large
aggregate, 3 to 5 in. (76 to 127 mm) in diameter, in the crater bottom to pro-
vide stability. The crater may be backfilled with compacted debris or large
aggregate to within 24 in. (610 mm) of the surface. Above this fill, well-
graded crushed aggregate should be used. If crushed aggregate is not avail-
able, it may be necessary to ugse aggregate or gravel obtained from natural
deposite; however, the stability of such fill material will depend on 1its
natural gradation and the angularity of the aggregate particles. Placement of
a membrane layer, such as T-17, between the upper and lower fill materials
will also add stability. The aggregate fill must be well compacted. A
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vibratory roller will normally be required; however, a heavy tracked vehicle
such as a crawler tractor or tank may also be used. As indicated, a minimum
depth of 24 in. (610 mm) of crushed aggregate below the crater surface is
required. Thus, for small craters having a total depth of backfill only
slightly over 54 in. (1372 mm), it may be more convenient to fill the entire
crater with crushed aggregate.

7.10.2 Crater Repair Surface

The use of AM-2 landing mat as a surface cap has been the standard pro-
cedure, as outlined in AF Regulation 93-2 and Army Field Reference Document
Alrfield Damage Repalr, Office, Chief of Engineers. This solution requires
prepositioning of the mat kit or having the kits air dropped. Use of the AM-2
kits requires additional logistical support. Ildeally, the surface of the fin-
ished repair should be flush with the surface of the surrounding pavement. If
time and materials are available, a portland cémént concrete cap may be placed
to cover and fill the top surface of the crater. Such a cap should have a
minimum thickness of 6 in. (152 mm). The cap material may be batched using
portland cement aggregate, sand, 'and water. To accelerate the setting time,
calcium chloride may be added to.the grout at a rate of 1 percent by weight of
cement. The concrete should have sufficient slump to facilitate screeding of
the repair surface flush with the surrounding pavement. A concrete cap with
accelerated curing will require 10 to 15 hours to achieve adequate strength.
Another surfacing alternative which has been satisfactorily tested by the Navy
1s the use of a fiberglass reinforced polyester (FRP) cover. The FRP' cover
offers little structural support but 1s intended primarily for protection
against FOD. Fabrication and placement instructions are given in "Rapid Run-
way Repair Interim Planning Guide (RRRIPG)."™ The finished surface profile
requirements will depend on the type aircraft using the facility. Criteria
are‘Specified in the RRRIPG and AFR 93-2 in terms of surface roughness cri-
teria. Surface roughness 1s critical to both cargo and fighter aircrafe.

7.10.3 FOD Protection

As indicated, the FRP cover is used primarily to provide FOD protection
at the crater repair site. Hard surfacing materials such as AM-2 or a grout
cap also minimize FOD potential from the underlying fill material. All loose
material generally should be cleared from the runway-site; however, in special
cases it may be necessary to operate aircraft with no FOD protection on the
crater surface. Thus, there will be FOD potential from the exposed aggregate
fill material. 1In such cases, the decision to operate aircraft without FOD
protection on the crater repalr will be at the discretion of the aircraft,
squadron, or wing commander as appropriate.

7.11 Foundation Pads

In areas where drifting sand and dry dusty soil present a problem, sta-
bilized pads may be constructed to provide firm foundations for small foot
traffic areas, placement of equipment, and possibly tent foundations. Thick-
ness requirements for cement stabilized pads and asphalt stabilized pads are
presented in Tables 7.6 and 7.7, respectively. Pad designs are divided into
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Table 7.6

Thickness Requirements for Cement Stabilized Foundation Pads

Weight Thickness (in.) for
Classgification, CBR Indicated

Category 1b A 8 15%
Light duty 1000 3.0 2.5 2.5
2500 3.0 2.5 2.5

5000 4.5 3.0 2.5

Medium duty 10,000 6.0 4.5 3.0
15,000 8.0 5.0 3.0

20,000 9.0 6.0 3.5

25,000 10.0 7.0 4.5

Heavy duty 35,000 12.5 9.0 6.0
45,000 14.0 10.0 7.0

55,000 16.0 10.5 7.5

65,000 17.0 11.5 8.0

75,000 18.0 12.5 9.0

*Use this column for sandy soils and silty soils for which no appreciable set-
tlement is anticipated.

Metric convertion factors:

1 1b =0.373 kg

1 in. = 25.4 am

three general categories: 1light, medium, and heavy duty. Within each
category, pads are further classified according to specific weight limits.
Light duty pads include those to be used for foot traffic or foot loadings,
light vehicles or equipment, and small storage areas; medium duty pads are
those to be used for passenger vehicles, light- to medium-weight trucks,
storage areas for heavy stock iftems, and small shop equipment. Heavy duty
pads approach the structural characteristics of pavements and include founda-
tions for heavy equipment storage areas, placement areas for large shop equip-
ment, and possibly parking areas for some large construction equipment. In
‘each class of pads, thickness designs are given based on the strength of the
underlying soil in terms of CBR. If natural soil strengths are not adequate,
the soil should be compacted to increase the strength to the desired level.
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Table 7.7

Thickness Requirements for Asphalt Stabilized Foundation Pads

Weight Thickness (in.) for
Classification CBR Indicated

Category 1b 4 8 15%
Light duty 1000 2.0 2.0 2.0
2500 2.5 2.0 2.0
5000 4.0 2.5 2.0
Medium duty 10,000 5.0 4.0 2.5
15,000 7.0 4.5 2.5
20,000 8.0 5.0 3.0
25,000 9.0 6.0 4.0
Heavy duty 35,000 11.0 8.0 5.0
45,000 12.0 8.5 6.0
55,000 14.0 9.0 6.5
65,000 15.0 10.0 7.0
75,000 16.0 10.0 8.0

*Use this column for sandy sgolls and silty solls for which no appreciable set-
tlement 1s anticipated.

Metric conversion factors:

1 1b = 0.373 kg

1 ia, = 35.4 mm

For pads resting on cohesionless soils, e.g., primary sandy solls, as on silty
s0ils on which no appreciable settlement 1s anticipated, thickness criteria
indicated under the columns for 15 CBR should be used.
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7.12 Field ldentiffcatfion of Soils

7.12.1 Intrcuuction

Lack of time and facilities often make laboratory soil testing impossible
in military construction. Even where laboratory tests are to follow, field
identification tests must be made during the soil exploration to distinguish
between the different soil types encountered so that duplication of samples
for laboratory testing will be held to a minimum. Several simple tests that
can be used in field identification are described in this report. Each test
can be performed with a minimum of time and equipment, although seldom will
all of them be required to identify any given sample. The number of tests
employed will depend on the type of s0il, and on the experience of the indivi-
dual performing them. Using these tests, the soil properties can be estimated
and the materials classified. Such classification should be recognized as an
approximation, since even experienced personnel have difficulty estimating
detailed soil properties with a high degree of accuracy. The material which
follows is intended to aid in the identification and classification of soils
according to the Unified Soil Classification System.

7.12.2 Ceneral Procedures

7.12.2.1 Coarse-Grained Soils:

An approximate identification of a coarse-grained soil can be made by
spreading a dry sample on a flat surface and examining it, paying particular
attention to grain size, gradation, grain shape, and hardness of particles.
All lumps in the sample must be thoroughly pulverized to expose the individual
grains and to obtain a uniform mixture when water is added to the fine-grained
portion. The use of a rubber-faced or wooden pestle and a mixing bowl is
recommended for this purpose. The material also may be pulverized by placing
a portion of the sample on a firm, smooth surface and mashing it with the
feet. The use of an iron pestle for pulverizing will break up the mineral
grains and change the character of the soil.

7.12.2.2 Fine-Grained Soils:

Tests for Identification of the fine-grained portion of any soil are per-
formed on the portion of the material which passes a No. 40 sieve. This is
the same soil fraction used in the laboratory for Atterberg limits tests, such
as plasticity. If this sieve is not available, a rough separation can be made
by spreading the materfal on a flat surface and removing the gravel and larger
sand particles. Fine-grained solls are examined primarily for characteristics

related to plasticity.
7.12.3  Equipment Required

Practically all the tests described can be performed with no equipment or
accessories other than a small amount of water. However, the accuracy and

uniformity of results will be greatly increased by the proper use of certain
ftems of equipment. The following items of equipment, which will meet most
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requirements, are available in nearly all engineer units or may be improvised,
and are easily transported: -

7.12.3.1 Sieves:

A No. 40 U.S. standard sieve 18 perhaps the most useful item of equip-
ment. Any screen with about 40 openings per lineal inch could be used, or an
approximate separation may be made by sorting the materials by hand. No. 4
and No. 200 sieves are useful for separating gravel, sand, and fines.

7.12.3.2 Pioneer Tools:

A pick and shovel or a set of entrenching tools is used in obtaining sam-
ples. A hand earth auger is useful if samples are desired from depths more
than a few feet below the surface.

7.12.3.3 Stirrer:

The spoon 1gsued as part of mess equipment serves in mixing materilals
with water to desired consistency. It also will aid in obtaining samples.

7.12.3.4 Knife:

A combat knife, or engineer pocket knife, is useful in obtaining samples
and trimming them to the desired size.

7.12.3.5 Mixing Bowl:

A small bowl with a rubber faced pestle is used in pulverizing the fine—
grained portion of the soil. Both may be improvised, such as by using canteen
.cup and wood pestle.
7.12.3.6 Paper:

Several sheets of heavy paper are needed for rolling samples.

7.12.3.7 Heating Samples:

A pan and heating element are used for drying samples.
7.12.3.8 Scales:

Balances or scales are used in weighing samples.
7.12.4 Factore Considered in Identification of Soils

The soil properties which form the basis for the Unified Soil Classifica-
tion System are: the percentages of gravel, sand, and fines; shape of the
grain-size distribution curve; and plasticity. These same properties are,
therefecre, the primary ones to be considered in field identification, but
other characteristics observed should be included in describing the soil,
whether the identification is made by field or laboratory methods.

7-34



7.12.4.1 Soil Description:

Properties normally included in a description of a soil are as follows:
1. Color.

2. Grain size.

a. Estiwmated maximum grain size.

b. Estimated percent by weight of fines (material passing No. 200
sieve).

3. Gradation.

4. Grain shape.

5. Plasticity.

6. Predominant soil type.

7. Secondary components of soil.

B. Classification symbol.

9. Other remarks such as --

a. Organic, chemical, or metallic content.
b. Compactness.

c. Consistency.

d. Cohesiveness near plastic liwmit.
e. Dry strength.

f. Source —- residual, or transported (aeolian, waterborne, .glacial
deposit, etc.).

7.12.4.2 Example of Soil Description:

An example of a soil description using the sequence and considering the
properties referred to above, might be as follows:

1. Dark brown to white.
2. Coarse—grained soil, waximum particle size 2-3/4 in. (69.% mm),
estimated 60 percent gravel, 36 percent sand, and 4 percent passing No. 200

sieve,

3. Poorly graded (insufficient fine gravel, gap-graded).
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4. Gravel particles subrounded to rounded.

5. Nonplastic.

6. Predominantly gravel.

7. With considerable sand and small amount of nonplastic fines (silt).
8. GP.

Q. Slightly calcareous, no dry strength, dense in the undisturbed state.

7.12.4.3 Importance of Descriptions:

A complete description with the proper classification symbol obviously
conveys much more to the reader than the symbol or any other portion of the
description used alone.

7.12.5 Visual Emﬁwiﬁatian

By visual examination, it is possible to determine the color, grain slze,
and grain shape of the coarse-grained portion of a soil, and estiaate the
grain-size distribution. To observe these properties, a sample of the
material is first dried and then spread on a flat surface.

7.12.5.1 Color:

In field soil surveys, color is often helpful ia distinguishing bhetween
various soil strata, and with enough preliminary experience with local soils,
ccler also may be useful for identifying soil types. Since the color of a
soil often varies with its moisture content, the condition of the soil when
color is determined must always be recorded. There is generally more contrast
in these colors when the soil is moist, with all the colors becoming lighter
as the moisture contents are reduced. In fine-graded soils, certain dark or
drab shades of gray or brown, including almost black colors, indicate organic
colloidal matter {OL, OH). In contract, clean and bright looking colors,
including medivm and light gray, olive green, brown, red, yellow, and white
generally are associated with inorganic soils. Soil color also may indicate
the presence of certaln chemicals. Red, yellow, and yellowish brown soll
colors may result from the presence of iron oxides. White to pinkish colors
may indicate considerable silica, calcium carbonate, or aluminum compounds in
some cases. Grayish blue, and gray and yellow mottled colors frequently indi-
cate poor drainage.

7.12.5.2 Grain Size:

The maximum particle size should always be estimated for each sample con~-
sidered, thereby establishing the upper limit of the grain-size distribution
curve for that sample. To help determine the lower limit of the grain size
distribution, it 1s useful to know the naked eye can normally distinguish the
individual grains of soil down to about 0.07 mm. This means that all of the
particles in the gravel and sand ranges are visible to the naked eye. All of
the silt particles and all of the clay particles are smaller than this size
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and are therefore invisible to the naked eye. Material smaller than 0.07 mm
will pass the No. 200 sieve.

7.12.5.3 Approximate Grain-Size Distribution:

The laboratory mechanical analysis must be performed whenever the grain-
size distribution of a s0il sample must be determined accurately. However,
the grain-size distribution can be approximated by visual inspection. The
best method of observing a material for such a determination without using
laboratory equipment is to spread a portion of the dry sample on a flat sur-
face; then, using the hands or a plece of paper, attempt to separate the
material into its various grain-size components. By this method, the gravel
particles and some of the sand particles can be separated from the remainder.
This will at least give the observer an opportunity to estimate whether the
total sample 1s to be considered coarse-grained or fine-grained, depending on
whether or not more than 50 percent of the material would pass the No. 200
gelieve. Percentage values refer to the dry weight of the soil fractions indi-
cated as compared to the dry weight of the original sample.

Coarse—Grained Soil: If the material is believed to be coarse-grained,
then there are two other criteria to consider. First, is less than 5 percent
passing the No. 200 sieve; and second, are the fines nonplastic? If both
these criteria can be satisfied and there appears to be a good representation
of all grain sizes from largest to smallest, without an excessive amount or a
deficiency of any one size, the material may be said to be well graded (GW or
SW). If any intermediate sizes appear to be missing, or if there is too much
of any one size, then the material is poorly graded (GP or SP). In some
cases, it may be possible to take a few of the standard sieves into the fleld.
When such is the case, the No. 4, No. 40, and No. 200 sieves should be
included. Using the No. 4 and No. 200 sieves, the sample may be separated
into the three main fractions -— gravel, sand, and fines. However, 1f there
1s a considerable quantity of fines, particularly clay particles, the fines
can only be readily separated by washing them through the No. 200 sieve. In
such cases, a determination of the percentage of fines is made by comparing
the dry weight of the original sample with that retained on the No. 200 sieve
after washing. The difference between these two 18 the weight of the fines
lost in the washing process. For determination of plasticity, only that por-
tion of the soil which will pass through a No. 40 .sieve should be used.

Fine-Grained Soil: Estimating the grain-size distribution of a sample
using no equipment at all is probably the most difficult part of field iden-
tification and obviously places great importance on the experience of the
individual making the estimate. A better approximation of the relative pro-
portions of the components of the finer soil fraction may sometimes be
obtained by shaking a portion of this sample into a jar of water and then
allowing the material to settle to the bottom. The material will settle in
layers, with the gravel and coarse sand particles settling out almost immedi-
ately, the fine sand particles within a minute, the silt particles requiring
as much as an hour, and the clay particles remaining in suspension indefin-
itely, or until the water is clear. In using this method, it should be kept
in mind that the gravel and sand will settle into a much more dense formation
than will either the silt or clay.
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7.12.5.4 Grain Shape:

The grain shape of the sand and gravel particles can be determined by
close examination of the individual grains. The grain shape affects the sta-
bility of the soll because of the increased resistance to displacement that 1is
found in the more irregular particles. A material whose grains are rounded
has only the friction between the surfaces of the particles to help hold them
in place. An angular material has this same friction, which is increased by
the roughness of the surface and the area of contact. In action, an inter-
locking action i1s developed between the angular particles; this gives a much
greater stability than friction alone.

7.12.5.5 Undisturbed Soil Properties:

A complete description of a soil should include prominent characteristics
of the undisturbed materials. The aggregate properties of sand and gravel are
described qualitatively by the terms "loose,” "medium,” and "dense,” while
thosz of clays are described by "hard,” "stiff,"” "medium,” and "soft.” These
characteristics usually -are evaluated on the basis of several factors, includ-
ing the relative ease or difficulty of advancing the drilling and sampling
tools and the consistency of the samples. In soils that are described as
"soft,” it should also be indicated whether the material is loose =zrnd compres~
sible, as 1in an area under cultivation, or spongy or elastic, as in highly
organic soils. (Moisture conditions will influence these characteristics and
should be included in the report.)

7.12.6 Breaking or Dry Strength Test

7.12.6.1 Preparation of Sample:

The breaking test i1s performed only on the material passing the No. 40
sieve, This test, as well as the roll test and the ribbon test, iIs used to
measure the cohesive and plastic characteristics of the soil. The -test nor-
mally is made on a small pat of soil about 1/2 in. thick and about 1-1/2 1in.
in diameter. The pat is prepared by molding a portion of the soil 1n the wet
plastic state into the size and shape desired and then allowing the pat to dry
completely. Samples may be tested for dry strength in their natural condition
as they are found in the field, but too much reliance must not be given to
such tests because of the variations that exist in the drying conditions under
field circumstances. Such & test may be used in an approximation, however,
and verified later by a carefully prepared sample.

7.12.6.2 Breaking the Sample:

After the prepared sample is thoroughly dry, attempt to break it using
the thumb and forefingers of both hands (Figure 7.10). If it can be broken,
try to powder it by rubbing it with the thumb and fingers of one hand.

7.12.6.3 Typical Reactions:

Typical reactions obtained in this test for various types of solil are
described below.
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Figure 7.10. Breaking or dry strength test.

Very Highly Plastic Soils (CH): Very high dry strength. Samples cannot
be broken or powdered by use of finger pressure.

Highly Plastic Soils (CH): High dry strength. Samples can be broken
with great effort, but cannot be powdered.

Medium Plastic Soils (CL): Medium dry strength. Samples can be broken
and powdered with some effort.

Slightly Plastic Soils (ML, MH, or CL): Low dry streangth. Samples can
be broken quite easily and powdered readily.

Nonplastic Soils (ML or MH): Very little or no dry strength. Samples
crumble and powder on being picked up in the hands.

7.12.6.4 Precautions:

The test described above is one of the best for distinguishing between
plastic clays and nonplastic silts or fine sands. However, a word of caution
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is appropriate. Dry pats of highly plastic clays quite often display shrink-
age cracks. To break the sample along such & crack will indicate only a very
small part of the true dry strength of the soil. It is important to distin-

guish between a break along such a crack, and a clean, fresh break that indi-
cates the true dry strength of the soil.

7.12.7 Roll or Thread Test
7.12.7.1 Samgle:

The roll or thread test is done only on the material passing the No. &
sieve. The soil sample used in this test 1s prepared by adding water until
the moisture content is such that the sample may be easily remolded without
sticking to the fingers. This is sometimes referred to as being just below
the "sticky limit.” Using a nonabsorbent surface, such as glass, this sample
18 rolled rather rapidly into a thread approximately 1/8 in. (3.18 mm) in
diameter (Figure 7.1l1).

7.12,7.2 Rolling:

If a moist soil can be rolled into such a thread at some moisture con-
tent, it is said to have some plasticity. Materials which cannot be rolled in
this manner are nonplastic, or have very low plasticity,

-

Figure 7.11. Roll or thread test.
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7.12.7.3 Typical reactions:

After reaching the plastic limit, the degree of plasticity may be
described as follows:

High Plasticity (CH): The soil may be remolded into a ball and the ball
deformed under extreme pressure by the fingers without cracking or crumbling.

Medium Plasticity (CL): The soil may be remolded into a ball, but the
ball will crack and easily crumble under pressure of the fingers.

Low Plasticity (CL, ML, or MH): The soil cannot be lumped into a ball
without completely breaking up.

Organic Materials (OL or HO): Soils containing organic materials on mica
particles will form soft spongy threads or balls when remolded.

Nonplastic Soils (ML or MH): These cannot be rolled into a thread at any
molsture content.

7.12.7.4 Description of Cohesiveness:

From this test, the cohesiveness of the material near the plastic limit
may also be described as weak, firm, or tough. The higher the position of a
s0il on the plasticity chart, the stiffer are the threads as they dry out and
the tougher are the lumps if the so0il 1is remolded after rolling.

7.12.8 Ribbon Test

The ribbon test is performed only on the material passing the No. 40
sleve. The sample prepared for use in this test should have a moisture con-
tent that is slightly below the "sticky limit.” The "sticky limit" is the
lowest water content at which the soil will adhere to a metal tool. Using
this material, form a roll of soil about 1/2 to 3/4 in. (12.7 to 19.05 mm)
diameter and about 3 to 5 in. (76.2 to 127 mm) long. Place the material in
the palm of the hand and, starting with one end, flatten the roll, forming a
ribbon 1/8 to 1/4 in. (3.18 to 6.35 mm) thick by squeezing it between the
thumb and forefinger (Figure 7.12). The sample should be handled carefully to
form the maximum length of ribbon that can be supported by the cohesive pro-
perties of the material. If the soil sample holds together for a length of 8
to 10 in. (203 to 254 mm) without breaking, the material is then considered to
be both highly plastic and highly compressive (CH). If the soil cannot be
ribboned, it is nonplastic (ML or MH). If it can be ribboned only with diffi-
culty into short lengths, the soil 1g considered to have low plasticity (CL).
The roll test and the ribbon test complement each other in giving a clearer
picture of the degree of plasticity of soil.

7.12.9 Wet Shaking Test

7.12.9.1 Sample Preparation:

The wet shaking test is performed only on the material passing the No. 40
sleve. For this test, enough material to form a ball about 3/4 in. (19.05 mm)
in diameter is moistened with water. This sample should be just wet enough
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Figure 7.12. Ribbon test.

that the soil will not stick to the fingers upon remolding or just below the
"sticky limit.”

7.12.9.2 Testing:

The sample 18 then placed in the palm of the hand and shaken vigorously.
This 1s usually done by jarring the hand on the table or some other firm
object, or by jarring it against the other hand. The soil 1is said to have
given a reaction to this test when, on shaking, water comes to the surface of
the sample producing a smooth, shiny appearance. This appearance is fre-
quently described as "livery” (Figures 7.13a and 7.13b). Then, upon sqeezing
the sample between the thumb and forefinger of the other hand, this surface
water will quickly disappear; the surface will become dull (Figure 7.13c); the
material will become firm, resisting deformation; and cracks will occur as
pressure is continued, with the sample finally crumbling like a brittle
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material (Fipure 7.13d). The vibration caused by the shaking of the soil sam-
ple tends to reorient the soil grains, decrease the voilds, and force water,
which had been within these voids, to the surface. Pressing the sample
between the fingers tends to disarrange the soil grains and increase the voids
space; and the water 1s drawn into the soil. If the water content is still
adequate, shaking the broken pieces will cause them to liquefy again and flow
together, and the complete cycle may be repeated. This process can occur only
when the soil grains are bulky in shape and noncohesive in character.

7.12.9.3 Typical Reactions:

Very fine sands and silts fall into this category and are readily identi-—
fied by the wet shaking test. Since it is rare that sands and silts occur
without some clay mixed with them, there are varying degrees of reaction to
this test. Even a small amount of clay will tend to greatly retard this reac-
tion. Some of the descriptive terms applied to the different rates of reac-—
tion to this test are as follows:

Sudden or Rapid: A rapid reaction to the shaking test is typical of non-
plastic, fine sands and silts (Figure 7.13b).

Sluggish or Slow: A sluggish reaction indicates slight plasticity such
as might be found from a test of some organic silts, or silts containing a
small amount of clay.

No Reaction: Obtaining no reaction at all to this test does not indicate
a complete absence of silt or fine sand.

7.12.10 Odor Test

Organic soils of the OL and OH groups usually have a distinctive, musty,
slightly offensive odor which, with experience, can be used to aid their iden-
tification. This odor 18 especially apparent from fresh samples. It is gra-
dually reduced by exposure to air, but can again to made more pronounced by
heating a wet sample. Organic soils are undesirable as foundation or base
course material and usually are removed from the construction site and wasted.

7.12.11 Bite or Grit Test

The bite and grit test is a quick and useful method of identifyirng sand,
8ilt, or clay. In this test, a small pinch of the s0il material is ground
lightly between the teeth and the soils are identified as follows:

7.12.11.1 Sandy Soils:

The sharp, hard particles of sand will grate very harshly between the
teeth and will be highly objectionable. This is true even of the fine sand.

7.12,11.2 Silty Soils:
The silt grains are so much smaller than sand grains that they do not

feel nearly so harsh between the teeth, and are not particularly gritty
although their presence is still easily detected.
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Figure 13a. Wet shaking test (initial sample),

Figure 13b. Wet shaking test (livery appearance).
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Figure 7.13c. Wet shaking test (crumbling the sample).

Figure 7.13d. Wet shaking test (squeezing the sample).
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7.12,11.3 Clayey Soils:

The clay grains are not at all gritty, but feel smooth and powdery like
flour between the teeth. Dry lumps on clayey soils will stick when lightly
touched with the tongue.

7.12.12 Slaking Test

The slaking test is used to assist in determining the quality of certain
soft shales and other soft "rocklike” materials. The test is performed by
placing the soil in the sun or in an oven to dry, and then allowing it to soak
in water for at least 24 hours. The strength of the soil 1s then examined.
Certain types of shale will completely disintegrate, losing all strength.

7.12.13  Aeid Test

The acid test is used to determine the presence of calcium carbonate and
1s done by placing a few drops of hydrochloric acid on a piece of the soil. A
fixing reaction (effervescence) to this test indicates the presence of calcium
carbonate, and the degree of reaction gives an indication of the concentra-
tion. Calcium carbonate normally 1s desirable in a soll because of the
cementing action it provides to add to the stability. (In some very dry non-
calcareous solls, the absorption of the acid creates the i1llusion of efferves-—
cence. This effect can be eliminated in all dry soils by moistening the soil
before applying the acid.) Since this cementation normally is developed only
after a considerable curing period, it cannot be counted upon for strength in
most military construction. The primary use for this test is, therefore, to
permit better understanding of what appear to be abnormally high strength
values on fine-grained soils which are tested in place, where this property
may exert considerable influence.

7.12.14 Shine Test

The shine test is another means of measuring the plasticity characteris-
tics of clays. A slightly moist or dry plece of highly plastic clay will give
a definite shine when rubbed with a fingernail, a pocket knife blade, or any
smooth metal surface. A plece of lean clay will remain dull.

7.12.15 Feel Test

The feel is a general purpose test that requires considerable experience
and practice to obtain reliable results. The extent of its use will grow with
increasing familiarity with soils. Some of the following characteristics can
be readily estimated by proper use of this test.

7.12.15.1 Moisture Content:

The natural moisture content of a soil 1s of value as an indicator of the
drainage characteristics, nearness to water table, or other factors which may
affect this property. A plece of undisturbed soil is tested by squeezing it
between the thumb and forefinger to determine its consistency. The con-
sistency is described by such terms as "hard,” "stiff,” “brittle,” "friable,"
"sticky,” "plastic,” or "soft.” The soil is then remolded by working it in
the hands, and changes are observed. This test indicates the natural water
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content relative to the liquid or plastic limit of the soil. Clays which turn
almost liquid on remolding are probably near or above the liquid limit. If
the clay rem''ns stiff, and crumbles upon being remolded, the natural water
content 1s below the plastic limit,

7.12.15.2 Texture:

"Texture,” as applied to the fine-grained portion of a soil, refers to
the degree of fineness and uniformity. It is described by such expressions as
“floury,” "smooth," “gritty,” or "sharp,” depending on the sensation produced
by rubbing the soil between the fingers. Sensitivity to this sensation may be
increased by rubbing some of the material on a more tender skin area such as
the wrist. Fine sand will feel gritty. Typical dry silts will dust readily,
and feel relatively soft and silky to the touch., Clay soils are powdered only
with difficulty but become smooth and gritless like flour,

7.12.16 Hasty Method

With the standard methods of field identification supplemented with a few
simplified field tests, an approximate and hasty classification can be
obtained for almost any soil. The three simple or hasty tests outlined below
will, for the most part, eliminate the need for specialized equipment such as
sleves. The results of these tests, when used or supplemented with the
results of the tests described in the previous paragraphs, will give at least
a tentative classification to almost any soll. The schematic diagram (Figure
7.14) may be used as a guide to the testing sequence in the process of assign-
ing a symbol to a sample of soil.

7.12.16,1 Sedimentation Test:

From the visual observation test described above, it is relatively simple
to approximate the comparative proportions of sand and gravel in a sample of
soil by spreading a dry sample out on a flat surface, and separating the
gravel particles by hand. Separating the fines from the sand particles is
more difficult although just as important. Small particles will settle
through water at a slower rate than large particles., By placing a small,
representative amount of soil (such as a heaping tablespoon measure) in a
transparent cup or jar, covering with about 5 in. (127 mm) of water, and agi-
tating by stirring or shaking, the soil will be completely suspended in the
water. With most cohesive soil 1t will be necessary to break up the lumps of
soil before adding the water. This can be done by grinding the soil in a can-
teen cup with an improvised wood pestle. After the soil particles have been
thoroughly dispersed in the water and then left, they will start to settle
out, beginning with the larger size particles, in time periods approximately
as indicated in Table 7.8.

1. The most important use of the sedimentation test Is to differentiate
the coarse (0.072 mm) fraction from the fine fraction of a soil. Since all of
the particles of soil larger than 0.072 mm will have settled to the bottom of
the cup or jar 30 seconds after the mixture has been agitated, it follows that
the particles remaining in suspension are fines. If the water containing the
suspended fines 1s carefully poured into another container 30 seconds after
agitation, if more water is added to the cup or jar containing the coarse
fraction, and {f the procedure s repeated until the water-soil mixture
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Tzble J.8B: Sertling Times for Swall Particles

Approximate Time of
Sevtlement Through

5 1v. (127 m=, % Water Graln Diameter Differentiates
2 seconds 0.4 mm Coarse sand—fine sand
30 seconds 0.072 Sand—fines
10 minutes 0.03 Coarse silt--fine silt
1 hour 0.01 §ilt--clay

becomes ¢lear 30 seconds after mixing, then the cup or jar will contain the
cecarse fraction of soil and the pan containing the suspension will hold the
fines. 1If the water can be wicked or evaporated off, the relative amounts of
fiaes ard sand can be determined fairly accurately. Otherwise a direct meas~-
vrement of the gettled out fines can be obtained as a guide.- Thus, in a
sense, Lhe test acts llke a No. 200 sieve.

2. Mcst field identification tests are done on the No. 40 sieve soil
fraction (fines and fine sand portion). This fraction can be separated by
using a precedure similar to that outlined above, except that the water-is
poured cif within 1 to 2 seconds after completion of agitation., The suspended
portion will then include the particles cf the fine sand range.

3. a difficulty encountered with many clay soils is that the clay parti-
cles wili often form small lumps (flocculate) that will not break up in water.
flsually 113 conditicn can be detected by examining the coarse fraction of the
soil aiter several repetitions of the test. If substantial amounts of clay
are stili present, the sand will have a somewhat slippery feel, and further
mixing ani grinding with & wood stick will be necessary to help break up these
luaps.

7.12.1%.2 Last Test:

The cast test refers tc the strength of a moist gsoil sample when squeezed
in tic nand. It 1s used to indicate the approximate type and quantity of
fines 1n tne sample. The correct amount of water to add to the soil must be
estimated by trial and error, although maximum cohesion or attraction between
the individual soil particles generally will occur when the soil is damp but
not sticky. The test consists of compressing a handful of the moist soil into
2 ball ot cigar-shaped cast and observing its capability to withstand harndling
without crumbling. While experience is desirable in making predictions based
upon this test, Table 7.9 may serve as a general guide of the behavior of dif-
ferent soll types when formed into a cast and tested.

7.12.16.3 Wash, Dust, and Smear Teasts:

A small amount of silt (less than 5 percent), when intermixed with a

ccarse-grained soil, normally will not lessen the value of the soil as a con-
struction material. However, increasing quantities of silt will sharply
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Table 7.9 Cast Test Reactions

Soil Type Reaction to Handling
GP, SP, SW, GW Cast crumbles when touched
SM, SC Cast withstands careful handling
ML, MH Cast can be handled freely
CL, CH Cast withstands rough handling

reduce the strength and interfere with the free drainage characteristics of
the coarse-grained soil, thus making it less desirable as a road or airfield
congtruction material. To decide what constitutes a harmful concentration of
silt by the field identification methods generally requires extensive field
experience. If the dust, wash, and smear tests are first practiced on soils
of known silt contents, they can be used to produce a fairly accurate result.
In the dust test, when a completely dry sample of soil (with the graVél por-
tion removed) is dropped from a height of 1 or 2 ft (0.3 or 0.6 m) onto a
solid surface, a silt content higher than 10 percent will generally cause a
fairly large amount of dust to be produced. In the wash test, an identical
soll sample, as above, is placed in the palm of a hand, and covered with about
1/8 in. (3.18 mm) of water. If the water becomes completely discolored and
hides the sand grains, this indicates that the soil sample contains a silt
content higher than 5 percent. In the smear test, a sample of soil, again
with the gravel portion removed, is moistened to just below the "sticky
limit,” and then smeared between the thumb and forefinger. When it produces a
gritty, harsh feel, this indicates that it contains a silt content of less
than 10 percent. A rough, less harsh feel, however, indicates that the sample
contains more than 10 percent silt. It should be emphasized that all of the
above tests require the testing engineer to have some experience in their use
before they can be considered reliable indicators of the silt contents.
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CHAPTER 8 - PORT CONSTRUCTION

8.1 Introduction

Certain geographic areas of operation may require use of beach sites for
extended periods of time beasue there are few-—or no--facilities for handling
containers in most ports in the Middle East at present, and container termi-
nals are only in the planning stage. Vooden and concrete jetties are used
throughout for shipping crude and refined o0il for local consumption and for
exporting oil products. It appears that currently designated U.S. Army Port
Construction Companies (one regular Army, two reserves) require new equipment
and training to become familiar with the best methods of performing container
port construction. Because of construction limitations caused by the equip-
ment presently authorized the Engineer Combat Battalion Heavy, time restric-
tions preclude any extensive repairs on heavily damaged ports. Characteris-
tics of selected "major" ports in the Middle East reveal two common problems:
(1) most ports in the region are not equipped to handle heavy cargo or con-
tainer lifts, and (2) some have less than 40-ft (12-m) draft available in the
channel or at doclside. A typical small port involved in coastal trade is
shown in Figure 8.1.

8.2 Dredging of Channels

Rapid dredging of channels with depths of a least 40 ft (12 m)} is needed
to accommodate container ships. There are no expedient solutions to this
preblem.  Hopper dredges and sidecasting dredges are the only ones that are
seagoing. The cutterhead dredge is the most functional of all dredges because
it can vperate in materials up to a consistency of soft rock. The dredge worlks
nost efficiently when making a deep cut in relatively calm waters. Its use is
verv limited in waters subject tc waves over 2 to 3 ft (0.6 to 0.9 m). It
takes a significant amount of time to move equipment such as dredges from
secured areas to occupied areas. In fact, the equipment would not arrive for
more than 48 hours unless it were pre-positioned so that it could be sent at
a moment's notice. Identifying items that are difficult to move is imperative
for the completion of large-scale missions such as port rehabilitation.

6.3 ‘'lraining of Personnel in Operation and Maintenance of Local Materials-
Handling Equipment

Personnel who will operate a port may be unfamiliar with the operation
and maintenance of civilian material-handling equipment left in an operational
status by departed host nation personnel. One solution may be familiarization
schooling for personnel assigned to rapid deployment forces. Other approaches
could be the importation of allled civilian workers skilled in operation of
such equipment or on-the-job orientation for untrained military personnel.
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Figure 8.1. Typical facilities in a small port in the Middle East.

(From Tropical Engineering, NAVDOCKS P-39 [Navy
Department, 19517.)

To enhance operation capabilities, detailed information should be gathered
concerning the type and quantity of equipment available at the Persian Gulf
ports so that familiarization schooling can be done.  On-the-job training is
not recommended as the best solution: learning accidents can be costly in a
operation for which time is minimal.

8.4 POL Terminal Facilities

Construction, rehabilitation, and/or improvement of POL terminal facili-
ties are needed to achieve an early capability for unloading POL tankers.
Tactical marine terminals consisting of two functional portions, an offshore
and an onshore portion, will bring ashore, store, and issue bulk petroleum
products where no facilities exist for doing so. The storage capacity of the
terminal should accommodate large ocean-going tankers., Holds of ships not
being used for other purposes can provide a temporary oil reservoir. .If the
ship is fleating, it can be towed to larger tankers, have the hold filled,
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and then be t.w.ed to a storage site. Collapsible tanks are vulnerable to punc-
ture from standard materials-handling equipment and, due to their weight and

bulk, require considerable manpower for positioning. This solution is susceptible
to enemy attack since any ship must be exposed in the water. Also, disabled ships
or unpowered barges require powered vessels to get to and from tankers. Colla-
psible POL tanks can be inserted in below-ground pits or underwater to reduce
vulnerability and exposure to weapons fire.

8.5 Lack of Container-Handling Facilities

Capability is required for the rapid construction of expedient container
ports to meet rapid deployment force requirements. However, there are no quick
and easy solutions to this problem. 1t should be recognized that plans for
future uses of expedient military ports must be especially adaptable for
container-handling operations and must employ the latest innovative commercial
applications for reducing off-loading and turnaround times of container ships.
Pre-positioning of critical equipment for off-loading operations may provide
flexibility to react in undeveloped port areas.

8.6 Rapid Removal of Debris

Removal of horizontal and vertical structures that are damaged beyond
repair and are interfering with completion af the port operation mission may
be required. Material that has been reduced to rubble, such as broken con-
crete, can be turned into fill material within the port area to act as
foundation for extensions of piers breakwaters, and construction of new
piers, or to fill craters. Blasting techniques have been effective in reduc-
ing structures to rubble. However, blasting and the handling of explosives
should be done only by trained personmnel. To facilitate debris removal the
addition of adding a dump truck company could make it easier to handle large
quantities of earth, rubble, or damaged construction material. Also,
subassemblies salvaged from a destoryed structure could serve as structural
membranes in other facilities; e.g., salvageable wood could be used for
expedient roadway surfacing in areas of weak soil.

8.7 Lack of Adequate Road Networks

Lack of adequate road networks from port to inland areas may hinder
transportation. Expedient construction techniques may be used with minimum
quantities of hauled-in materials to provide binder for in-place, sandy
materials. Use sea-water to obtain compaction with heavy construction equip-
ment and dump trucks. The minimum length and width of one-way roads should be
constructed until semipermanent and/or permanent inland road nets are reached.
If proper consolidation and compaction of sandy soils cannot be completed in
the allotted time, re-outfitting trucks with tires that perform well in
loose sand may prevent having to extract vehicles that have become trapped
in the sand. A minimum stand-by force of water trucks and dozers 18
required to smooth the road surface as ruts occur from vehicle traffice.
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8.8 Temporary Methods of Through-Put Operations

During the rehabilitation of ports, the off-loading of supply ships will
be hindered until wharves and quays can be reconstructed. On possible sclution
is lighterage operations from ships anchored within the harbor to barges for
transfer to shore. Other solutions could include: lighterage from lighter
aboard ship (LASH) or SEABEE ships for over~the-beach discharge of cargo; use
of heavy-lift helicopters to off-load break-bulk or container cargoes; or
use of causeway barges to ferry containers from ship to shore (in calm seas).
There are certain considerations to be observed. For example:

- Ligherage from ships that do not have self-sustaining capability would
require the use of a floating crane or use of helicopters.

- Lighterage operations cannot be conducted in heavy seas.

- Discharge or roll-on/roll-off (RO/RO) ships is only possible through
the Army's Beach Discharge Light (BDL), of which tliere is only one.

- Use of helicopters restricts cargo weight to useful limits of the
helicopter. Nominal loads of up ot 18,200 1b (16 380 mt) can be carried by
CH-47C helicopters.

- It should noted that all of the foregoing methods are time consuming
and should only be used until docking facilities are available. In addition,

movement of barges will require powered vessels.

8.9 Lack of Materials for Construction and Repair of Port Facilities

Local timber is generally not available for piling or wharf superstruc-
tures. During Vorld War 11 port development in the Persian Gulf, timber for
piling was imported from India. TM 5-258, Pile Construction, describes a
number of species of trees in that area which make excellent piling.

Salvaged materials, such as structural steel or telephone poles, can be used
for expedient piling. During demolition and debris removal, the normal
tendency 1is to cut such members into short, easily handled pieces. If general
cargo pier reconstruction is required, a premium should be placed on salvaging
large pieces intact. Since timing of the operations makes fabrication of
piling unrealistic , materials must either be scavenged or imported.
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CHAPTER 9 - YACTORS AFFETTING ENCINEER WQiit LFORCE

9.1 Introduction

Working conditions in the desert can be extremely harsh. High solar
radiation, temperature, lack of water supply, and sand storms all contribute
to the difficult environment. This chapter describes how the environment
affects personnel and equipment, and how the impacts can be minimized. Gen-
erally, all movements should be as deliberate and unhurried as possible; this
reduces the body's heat production and use of energy and water.

9.2 Health and Jperational Effectiveness

9.2.1 Effect of Heat on Efficiency

'‘Desert 1s characterized by high solar radiation and temperature. Solar
radlation beats down on desert reglons with great Intensity. The air tempera-
ture in the summer can range up to 131°F (559C). Without precautiqnary meas-
ures, the heat not only will reduce the efficiency of workers, but also will
create health problems.

The reduction in the efficiency of workers caused by high daytime tem-
peratures can be considerable. Therefore, one needs to consider letting per-
sonnel work at night to take advantage of the coocler temperatures. However,
the problem with this is that workers must sleep in excessive daytime tempera~
tures.

High sclar radiation and temperature may cause heat cramps and heat
exhaustion. The following preventive measures should be taken:

1. Water and salt intake by individuals must be adequate. However,
excess Intake of salt should be avoilded since it may cause increased thirst
and incapacitating nausea. Unless workers are sweating continuously or
repeatedly, they do not need saline fluids or salt tablets. Ext:a salt {n
food and on the table, .coupled with sound training, will meet most require-
ments. When water supplies are restricted, salt in excess of that normally
present in food should rot be taken. Consult TB MED 507 for infurmation on
salt tablets.

2. Whenever practical, work should be performed in the shade or in the
early morning, evening, or night. If shade over a work are.. is not posslble,
some sort of shady shelter should be provided at the job si-e,

3. When it 1is very hot, the men should work in eh.fts, and strenuous
labor should be reduced.

4. Clothing must be loose enough to permit ventilation of the body.
5. Dress as the natives do. Wear light colored clotihing.

6. The body, especially the head. should not be unnecessarily exposed to
the sun.



It is well understood that a sudden onset of hot weather impairs ability
of personnel to perform work that is easily done in cool environments. How—
ever, one can get acclimated if the heat wave lasts several days. Neverthe-
less, it should be pointed out that the ability to perform 2s much work as
possible in the heat must be attained by progressively increasing the daily
workload. Strenuous exertion on first exposure may result in disability that
will impair performance for several days.* Therefore, gradual workload
increases are suggested 80 that fresh troops perform lighter work for a short
time before being assigned heavier workloads. Personnel can become acclimated
with short, intermittent work periods of 2 to 4 hours daily for 4 to 7 days.**
Drinking water must not be restricted during this time since inadequate water
and salt replacement can delay acclimatization. Nevertheless, salt intakes
should not be excessive, as noted earlier. A suggested schedule of work dur-
ing acclimatizing period is given in Table 9.1.

9.2.2 Protective Equipment

In desert regions, the night vision of personnel may be impaired by pro-
longed exposure of the eyes to intense sunlight and reflected light from the
earth. These problems can be corrected by taking the following steps:

1. Providing caps or hats with wide brims or bills to shade the eyes.

2. Prohibiting personnel from working in the direct sunligit +ithout
having thelr heads covered and eyes shaded.

3. Providing sunglasses to all personnel and requiring that they wear
them when they are outside in the daytime. If sunglasses are not available,
under extreme conditions personnel can take a piece of cardboard or paper and
cut small slits or holes in it that will align with each eye. The paper or
cardboard can be kept in place with rubber bands, tape, or wire positioning e
hole or slit directly in front of each eye. This will reduce the amount of
light entering the pupil of the eye, but will still provide limited vision.

Any metallic object, such as a tool or equipment, will become too hor feor
handling if left in the sun. Therefore, workers need gloves for protection
against burns. To prevent tools from becoming too hot, they must be stored in
the shade whenever possible. Soft, "spongy” handle covers would also make
tools easier to use in the heat.

In addition to the problems caused by intense sunlight, dust or sand
storm will also cause considerable difficulty for workers. All personnel will
need goggles, chapsticks, and skin and eye olntments. Sometimes it is better
to just stop working than to try to keep going when there are bad dust storms.

* D. E. Bass, "Thermoregulatory and Circulatory Adjustments during A.climati-
zatlon to Heat in Man,” in James P. Hardy, ed., Temperature: Its Measure-
ment and Control in Science and Industry, Vol 3, part 3, Biology and Medi-~
cine (Van Nostrand Reinhold Company, 1963), pp 299-305.

- *kThid.
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9.2.3 Water Intcke Requirements

Table 9.2 may be used as a guide to estimate the drinkin, watec require-
ments for per:-canel exposed to heat.*

Occasionally, drinking water must be restricted. 7The restricted drinking
water supply will reduce operational effectiveness and increase health
hazards. Therefore, the number of working hours should be reduced, the work
should be made less strenuous, and the men should not be allowed to work in
the sun. Never reduce the amount of drinking water as a "hardening” measure
or “toughening” process for personnel. This is a dangerous practice -- 1t
only produces dehydration. When water is in short supply, significant water
economy can be achieved only be reducing physical activity or limiting it to
early morning or night hours when there is less heat and workers do not sweat
as much. Any attempt at water economy by restricting water intake must be
pald for in reduced work capability, reduced efficiency, and increased risk of
heat 1innjury.

It is common for "chemical diarrhea™ to be caused just by changing
sources of water supply. Often, even treated water contains certain laxatives
to which one must become acclimated.. If one 1s forced to constantly drink
water from different sources, one's system does not have an opportunity to
adjust to the new supply. This problem will be more common with freshwater
sources which have been treated with an ERDLater rather than a desalination
unit; ERDLater~type devices are not designed to remove from water substances
which act as laxatives. Local water may also contain relatively high levels
of magnesium sulfate or sodium sulfate (500 ppm). It may also have high pH
{(above 9). Therefore, local water supplies must be avoided unless qualities
personnel have tested and approved the water. In addition, the unit commander
must try to keep changes in sources of water supply te a minimum.

9.2.4 Sanitation Considerations

Many species of flies are annoyances in all countries of SWA. Many other
types of insects -- such as mosquitoes and fleas —-- are also found in the
reglon. Insecticides provided by the Quartermaster Corps may be used. How-
ever, 1t probably will be more effective to use screens 1n the work areas to
stop the flies and mosquitces. Deodorant, hair spray, and cologne should not
be used since they will attract insects.

9.2.5 Use of Local Labor Force

Every effort should be made to use native persoanel whenever practical
since they know the country, in many instances have considerable practical
knowledge of construction problems in the immediate area, and furnish a ready
labor force which can be called upon. It should be cautioned, however, that
native laborers are more efficient when working with familiar waterials and
tools. For instance, local or native workmen are far more experieanced in
masonry than in carpentry. Local laborers should not be forced to use modern
tools unless the tralning can be done easily.

* TB-MED-507, Occupational and Environmental Health (Headquarters, Department
of the Army, Navy and Air Force, .JTuly 19380).
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Table 9.1

Schedules of Work, If Necessary, During Acclimatizing Perio<
(This table 15 based on TB-MED-507, Occupational and Environm:: tal

Health Headquarters [Departments of the Army, Navy, and Air Fo}ne,

July 1980].

Moderate Conditions, WBGT or WD
Less Than 80°9%

Hours of Worlk%*#

Morning Afternoon
First day 1 1
Second day 1-1/2 1-1/2
Third day 2 2
Fourth day 3 3
Fifth day Regular duty

)

Severe Conditions, WBGT or WD
Greater Than 80°

Hours of Work##

Morning Aftevrnoon
First day 1 1
Second day 1-1/2 1-1/2
Third day 2 2
Fourth day 2-1/2 2-1/12
Fifth day 3 3
Sixth day Regular duty

*80° wet-bulb-globe~temperature (WBGT), or WD index, is approximately .
equivalent to a dry bulb (DB) temperature -of 85° in a jungle or 105° in -
desert environment (WD = 0.85 WB + 0.15 DB).

**Recommended for men in fair or worse physical condition; with some car.,
very fit individuals should do double this schedule and be able to perfo..

regular duty on third or fourth day.

Table 9,2

Water Reguirements

Quarts per Man per Dav
for Drinking Purposes (a
Guide for Planning_oﬁly}

WBGT or WD Index*

Less than Greater than
Activity . Illustrative Dutles 800°. . .....than H09
Light Desk work 5 6
Moderate Route narch 7 9
Heavy Forced marches; 9 13

stevedoring; en-
trenching; or route
marches with heavy
loads or in CBR
protective clothing.

*80° wet-bulb-globe-temperature (WBGT) or WD index 1is approximately equivaleat
to a dry bulb temperature of 85° in a jungle or 105° in a desert environmeut

(WD = 0.85 WB + 0.15 DB).
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Dealing with local laborers may create problems because of the language
barrier and the customs of natives. The following approaches are suggested.

l. Ue¢- of native labor leaders is the most satisfactory method of deal-
ing with native labor.

2. Discussions with local authorities should always precede any use of
native labor.

3. Existing rules and local customs should be carefully observed.

The experlence of the Persian Gulf Command during World War II indicated
that American Engineer units got the best avallable labor without upsetting
the local wage scales by issuing ration coupons.* To make efficient use of
the local workers, foremen were drawn from the workers and given proper train-
ing. Supervigors on-site then directed foremen, who in turn directed the
laborers. Proper security must be provided in the storage areas to keep local
resldents from stealing construction materials.

9.3 Construction and Engineering Equipment Maintenance

9.3.1 Maintenance Facilities and Operations

Working areas must be on bare ground or concrete, if possible; sand must
be swept from the location. The repalr area must not be established beside a
road. If there is a patch of fine, loose sand, the work space should be
located so that it will not be dusted by every breeze.

When machinery must be opened up for servicing, workers should try to get
a canvas lean—-to or a half tent. The whole working area must be kept cleared
of dust. If water is available, workers could dampen the sand, or better
still, sprinkle it with used engine o0il and cover it with rock to bind it
down. Tools must be kept clean at all times. When there are bad sand or dust
storms, work should be stopped.

Parking spaces shuuld be arranged so that vehicles can leave without hav-
ing to circle around others. Although It 1s not practical to have equipment
so widely separated that there is no danger from dust, care should be taken to
park the machines so that turning and travel are done outside the area and on
the side away from prevailing winds.

9.3.2 Fuel and Refueling Operations

A serious problem that has occurred in Saudi Arabila and other desert
areas 1s clogging of fuel lines due to sand and dust in the fuel tank. The
fuel filters usually prevent sand and dust from getting into the carburetor,
but the fuel pump, fuel lines, or tank screens can become clogged. The prob-
lem results from careless refueling operations and refueling during sand or
dust storms. The following solutions are suggested:

* T. H. Vail Motter, The Persian Corridor and Ald to Russia (Washington, Of-
fice of the Chief of Military History, 1952), p 103.




1. The first, most obvious, solution is to avoid refueling during storms
if possible.

2. Before the fuel tank cap 1s taken off, care should be taken to make
sure that sand or dust which might enter the tank has been removed.

3. If it 1is necessary to refuel during a storm, then certain precautions
should be taken:

a. If a funnel is to be used, then it should be a filtered funnel and
should fit tightly into the fuel tank opening. If possible, the funnel should
screw on the opening or fit the tank opening snugly. If necessary, solder a
small vent pipe down the inside of the funnel to allow air to escape while
pouring the fuel.

b. If a "screw-on” funnel 18 not available, then a rag should be wrapped
around the funnel base and fuel tank opening to prevent sand/dust entry.

c. The "rag wrap” procedure may be used with hose/nozzle filling
approaches also. )

d. Be sure to wipe the tank clean fpr several inches around the opening
before taking off the filler cap. Remember, a few grains of sharp, cutting
sand can completely ruin a diesel fuel engine or pump.

e. Fuel filters must be cleaned more frequently.

The high diurnal temperature is another problem for fueling operations In
hot desert region. If fuel tanks are filled to the brim at night, they will
overflow at mid-day. Therefore, fuel tanks must be filled to their correct
capacity.

9.3.3 ZLubrication

Lubricant must be the correct viscosity for the temperature, and must be
kept to the absolute minimum on exposed or semi-exposed moving parts. Lub«
fittings must be checked frequently. If they are missing, sand will enter the
housing and cause bearing fallure. Teflon bearings require constant insPec—
tion to ensure that the coating is not ‘being removed:

Lightweight cils are not sultable in hot climates. Thelr use can reduce
engine life; therefore, oil of the proper weight must be used. Engine oil
must be changed more often than in temperate climates, and oil filters have to
be replaced more frequently than usual.

9.3.4 Air Pi{lters

Improper pervicing ~- such as cleaning an air filter by beating it to
remove dust particles -- can damage the element., In addition, filters are
sometimes installed slightly ajar, and punctured elements are occasionally put
back on the engine because there is no replacement filter. Other improper
maintenance includes servicing alr filters at incorrect intervals. If
sand/dust leaks through damaged elements, the engine's 1life span will be cut
significantly.



Alr cleaners of every type must be inspected at least daily, or more fre-
quently if operating conditions require. Use compressed air for cleaning. A
redundant air filtering system with two elements in series may be used. A
proper quantity of replacement elements wust be provided.

9.3.5 Engine Overheating

All types of engines are apt to overheat to some degree. This will hap-
pen more frequently in the high—temperature desert region, and will lead to
excessive wear and ultimately to leaking oil seals in the power packs. The
following solutions are suggested:

1. Be aware of which vehicle types tend to overheat often, and ensure
that they ar